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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 
Coal-Testing  Plant,  World's  Fair  Grounds, 

St.  Louis,  Mo.  J  Janiutry  31^  1905. 
Sir:  The  undesigned,  appointed  by  you  as  a  committee  to  conduct  a 
series  of  tests  at  the  United  States  Geological  Survey  coal-testing  plant 
on  the  World's  Fair  Grounds,  St.  Louis,  Mo.,  have  the  honor  to  submit 
the  following  preliminary  report  on  the  operations  of  the  plant.  The 
brief  statements  give  the  results  obtained  from  September  1,  1904, 
when  the  plant  was  put  in  operation,  until  December  22,  1904. 

The  detailed  report,  which  will  be  fully  illustrated  and  contain  much 
additional  information  and  a  discussion  of  the  results,  is  in  prepara- 
tion and  will  be  submitted  to  you  at  the  earliest  possible  date. 

Very  respectfully,  E.  W.  Parker, 

J.  A.  Holmes, 
M.  R.  Campbell, 

Committee. 
Hon.  Charles  D.  Waloott, 

Di/rector  United  States  Geological  Survey. 
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[PRELIMINARY  REPORT  ON  THE  OPERATIONS  OF  THE  COA;L- 
TESTING  PLANT  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY 
AT  THE  LOUISIANA  PURCHASE  EXPOSITION,  ST.  LOUIS,  MO., 
1904. 

Edward  W.  Parker, 
Joseph  A.  Holmes^ 
Marius  B.  Campbell, 

Committee  in  Charge. 


INTRODUCTION. 

ORGANIZATION. 

The  authority  for  conducting  at  the  Louisiana  Purchase  Exposition 
an  investigation  of  the  coals  and  lignites  of  the  United  States  is  con- 
tained in  the  act  of  Congress  providing  for  the  urgent  deficiencies  in 
the  appropriations  for  the  fiscal  year  1905,  and  approved  February  18, 
1904,  as  follows: 

For  analysing  and  testing  at  the  Louisiana  Parchase  Exposition  the  coals  and 
lignites  of  the  United  States,  in  order  to  determine  their  fuel  values  and  the  most 
economic  method  for  their  utilization  for  different  purposes,  under  the  supervision 
of  the  Director  of  the  United  States  Greological  Survey,  thirty  thousand  dollars,  to 
be  available  until  expended:  Pronded,  That  all  testing  machinery  and  all  coals  and 
lignites  to  be  tested  shall  be  contributed  without  charge  to  the  Government. 

In  the  general  deficiency  bill  approved  April  27, 1904:,  an  additional 
appropriation  of  JBO,000  was  provided,  making  the  total  sura  appro- 
priated for  this  work  J60,000. 

For  carrying  out  the  provisions  of  these  acts  the  Director  of  the 
Geological  Survey  appointed  a  committee,  consisting  of  Edward  W. 
Parker,  chairman,  Joseph  A.  Holmes,  and  Marius  K.  Campbell,  to 
direct  the  construction  and  operation  of  the  plant. 

It  will  be  observed  that  under  the  law  authorizing  this  work  all  of 
the  testing  machinery  and  all  of  the  coals  to  be  tested  had  to  be  fur- 
nished to  the  Government  free  of  charge.  Under  these  conditions  it 
was  not  possible  to  equip  an  ideal  testing  plant,  and  the  assembling 
and  construction  of  such  equipment  as  could  be  obtained  under  these 
provisions  entailed  some  annoying  delays  in  the  compXeWoxv  cA  \3cv^ 


12  PRELMINARY    REPORT   OK   C£)AL-TESTING   PLANT,    [bull.  261. 

plant.     In  addition  to  this,  the  jdetivery  of  a  considerable  quantity  of 

operating  and  conveying*  appai^atus  purchased  from  the  Link  Belt 

Machinery  Company^/^t  Chicago,  was  delayed  by  a  strike  in  the  works 

of  that  comp!i%ny.'.  ^s  a  result  of  these  combined  influences  the  plant 

was  not  put  in.\)peration  until  the  first  of  September. 

Notwithstanding  these  delays,  the  committee  feels  that  through  the 

-  .^^tcpty  and  patriotic  cooperation  of  a  large  number  of  manufacturers 

•:  df  apparatus  and  machinery,  it  was  able  to  colle<;t  and  install,  within 

*  a  notably  short  time,  a  testing  plant  that  was  well  suited   for  such 

pioneer  work. 

BUILDINGS. 

The  buildings  for  the  housing  and  protection  of  the  machinery  and 
of  the  operators  in  charge,  with  the  exception  of  the  chemical  labora- 
tory, were  built  by  contract  and  paid  for  out  of  the  appropriation. 
These  buildings  were: 

(1)  A  boiler  and  engine  house,  in  which  were  installed  2  Heine  safety 
boilers,  1  Frost  boiler,  1  AUis  Corliss  steam  engine,  1  Westinghouse 
gas  engine,  1  Bullock  generator,  1  Westinghouse  generator,  an  elec- 
tric switchboard,  a  gas-analyzing  laboratory,  and  all  the  incidental 
apparatus  pertaining  to  the  operations  of  these  portions  of  the  plant. 
The  contract  price  for  the  construction  of  this  building  was  $2,7()0. 
It  was  built  by  the  Barwick  Construction  Company,  of  St.  Louis. 

(2)  A  storage  and  washery  building,  in  which  were  installed  5  stor- 
age bins  of  35  tons  capacity  each,  2  coal  washers,  1  revolving  screen, 
1  set  of  crushing  rolls,  1  pulverizer,  1  Frost  steam  engine,  1  hopper 
scale,  and  the  conveying  machinery  adapted  for  such  a  plant.  This 
building,  which  had  to  be  of  exti*a  strong  material  and  construction, 
was  completed  at  a  contract  cost  of  $1,560,  the  Settle-Price  Construction 
Company,  of  St.  Louis,  being  the  contractor. 

(3)  Two  buildings  for  briquetting  machines  and  equipment,  one  built 
by  the  Baer veldt  Construction  Company,  of  St.  Louis,  for  $1,050,  and 
the  other  by  the  Barwick  Construction  Company,  of  St.  Louis,  for 
$693. 

In  the  letting  of  all  contracts,  bids  were  obtained  from  at  least  five 
responsible  bidders. 

The  chemical  laboratory  was  installed  in  the  Metal  Pavilion,  a  short 
distance  from  the  other  buildings. 

EQUIPMENT. 

The  plant,  when  put  into  operation  in  September,  contained  the  fol- 
lowing testing  equipment,  all  of  which  had  been  contributed  free  of 
charge: 

Two  Heine  water-tube  boilers,  210  horsepower  each,  contributed  by 
the  Heine  Safety  Boiler  Company,  of  New  York  and  St.  Louis. 
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One  Allis  Corliss  engine,  contributed  by  the  Allis-Chalmers  Com- 
pany^ of  New  York  and  Chicago.  The  Corliss  engine  was  belt-con- 
nected to  a  Bullock  electric  generator  contributed  by  the  Bullock 
Electric  Manufacturing  Company,  of  Cincinnati,  Ohio. 

One  Frost  fire-tube  boiler  of  100  horsepower  and  a  50-horsepower 
slide-valve  engine,  both  contributed  by  the  Frost  Engine  Company,  of 
Galesburg,  111. 

One  Taylor  gas  producer,  with  complete  outfit  for  scrubbing  and 
purifying  gas,  contributed  by  R.  D.  Wood  &  Co.,  of  Philadelphia. 

One  Westinghouse  gas  engine,  of  235  brake  horsepower,  furnished 
by  the  Westinghouse  Machine  Company,  of  Pittsburg,  and  operated 
by  the  gas  made  in  the  Taylor  producer. 

One  Westinghouse  electric  generator,  belt-connected  to  the  gas 
engine,  contributed  by  the  Westinghouse  Electric  and  Manufacturing 
Company,  of  Pittsburg. 

Seven  motors  of  different  horsepower,  required  for  the  operation  of 
the  different  portions  of  the  plant,  contributed  by  the  Westinghouse 
Electric  and  Manufacturing  Company. 

One  Bartlett  direct-heat  rotating  drier  for  driving  out  the  moisture 
from  washed  coals  and  lignites  whose  moisture  contents  were  too  high 
to  permit  successful  briquetting,  contributed  by  the  C.  O.  Bartlett  & 
Snow  Company,  of  Cleveland,  Ohio. 

Two  briquetting  plants — one  exhibited  by  William  Johnson  &  Sons, 
of  Leeds,  England,  and  one  by  the  American  Compressed  Fuel  Com- 
pany, of  Chicago.  In  order  that  the  briquetting  machine  of  British 
manufacture  should  be  installed  in  conformity  with  the  law,  the 
freight  bill  was  paid  by  the  Western  Coal  and  Mining  Company,  of 
St.  Lfouis. 

A  washing  plant  equipped  with  a  New  Century  jig,  contributed  by 
the  American  Concentrator  Company,  of  Joplin,  Mo.,  and  a  modified 
Stewart  jig,  contributed  by  the  Link  Belt  Machinery  Company,  of 
Chicago. 

The  fire  brick  and  common  brick  used  in  the  construction  of  the 
coke  ovens  were  donated  by  the  Laclede  Fire  Brick  Manufacturing 
Company,  of  St.  Louis. 

The  foregoing  statement  includes  all  that  might  properly  be  con- 
sidered testing  machinery,  but  the  following  additional  incidental 
0(][uipment  was  contributed  by  the  firms  mentioned: 

One  Williams  crusher,  by  the  Williams  Patent  Crusher  and  Pul- 
verizer Company,  of  St.  Louis. 

A  complete  outfit  of  belt-conveying  apparatus,  contributed  and 
installed  by  the  Robins  Conveying  Belt  Company,  of  New  York. 

Scales,  by  Fairbanks,  Morse  &  Co.,  of  New  York  and  Chicago. 

Smoke-preventing  device,  automatic  steam  jet,  by  H.  H.  Hughes, 
of  St  Louis. 
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Theniiometers  and  pressure  gages,  b}'  the  Uobmann  &  Maurer 
MaDufacturing  Company,  of  Rochester,  N.  Y. 

Draft  gages,  by  the  Appliance  Manufacturing  Company,  of  Chicago. 

Feed-water  heater  and  pump,  by  the  Stilwell-Bierce  Smith- Vaile 
Company,  of  Cincinnati,  Ohio. 

I^e  Chatelier  pyrometers,  by  Charles  Engelhard,  of  New  York. 

Engine  indicators  and  attachments,  by  the  Ashcrof t  Manufacturing 
Company,  of  New  York,  and  the  Crosby  Steam  Gage  and  Valve  Com- 
pany, of  Chicago. 

Metallic  piston  packing,  by  the  Steel  Mill  Packing  Company,  of 
Detroit,  Mich. 

Burroughs  adding  machine,  by  the  American  Arithmometer  Com- 
pany, of  St.  Louis. 

Insulated  electric  wire,  by  the  American  Steel  and  Wire  Company, 
of  Chicago. 

Machine  and  engine  oil  for  lubricating  the  machinery,  and  heavy 
and  medium  oil  for  binding  material  in  the  manufacture  of  briquettes 
from  bitiuminous  coals  and  lignites,  by  the  Waters-Pierce  Oil  Com- 
pany, of  St.  Louis. 

Oil  filter,  by  the  Famous  Filter  Company,  of  St.  Louis. 

Gas  meters,  by  the  Pittsburg  Meter  Company,  of  Pittsburg. 

Dumping  car  and  bucket  conveyors,  by  the  Austin  Manufacturing 
Company,  of  Chicago. 

Centrifugal  pump,  by  Henion  &  Hubbell,  of  Chicago. 

Coal-tar  pitch,  from  the  Barrett  Manufacturing  Company,  of  New 
York  and  elsewhere,  and  the  Chatfield  Manufacturing  Company,  of 
Cincinnati. 

Power  crusher  and  automatic  sampler  for  preparing  samples  for  the 
chemical  laboratory,  by  the  F.  W.  Braun  Company,  of  Los  Angeles, 
Cal. 

Cooking  range,  by  the  Buck  Stove  and  Range  Company,  and  a 
heating  stove,  by  the  Bridge  &  Beach  Manufacturing  Company,  both 
of  St.  Louis,  for  the  purpose  of  testing  briquettes  for  domestic  use. 

Calculating  machine,  by  the  Keuffel  &  Esser  Company,  of  New 
York. 

The  plans  for  the  buildings  and  their  arrangement  were  prepared 
by  the  Roberts  &  Shaefer  Company,  engineers,  of  Chicago.  The 
construction  work  was  done  under  the  supervision  of  Mr.  Bert. 
Fankboner,  one  of  the  engineers  for  the  Roberts  &  Shaefer  Com- 
pany. Mr.  Fankboner  was  accidentally  killed  by  an  electric  locomo- 
tive early  in  October,  just  as  the  plant  had  been  placed  in  successful 
operation  and  when  he  could  have  enjoyed  the  results  of  his  hard  and 
conscientious  labor. 

The  boiler  room  was  thoroughly  equipped  with  standardized  appa- 
ratus for  weighing  coal  and  water,  for  determining  the  force  of  the 
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draft,  for  ascertaining  the  temperatures  in  the  different  parts  of  the 
furnace,  and  for  analyzing  the  flue  gases.  The  gas  producer  and  gas 
engine  were  also  provided  with  apparatus  for  ascertaining  temper- 
atures, for  collecting  samples  of  the  gas  as  produced,  and  for  deter- 
mining the  horsepower  developed  in  the  gas  engine.  The  electric 
horsepower  developed  by  both  the  steam  engine  and  the  gas  engine 
was  ascertained  by  twenty-minute  readings  of  voltmeters  and  amme- 
ters, and  the  electrical  horsepower  developed  per  pound  of  fuel  con- 
sumed by  the  two  different  methods  was  thus  accurately  determined 
and  recorded. 

The  chemical  laboratory  was  equipped  with  every  necessary  appa- 
ratus and  chemical  material  for  making  proximate  and  ultimate 
analyses  and  for  determining  the  calorific  value  of  the  coal.  The  last 
was  determined  by  a  Mahler  bomb  calorimeter,  and  the  observations 
were  made  in  a  room  especially  set  aside  for  this  purpose. 

The  railroad  companies  entering  St.  Louis  or  having  coal  resources 
along  their  lines  have  cooperated  most  heartily  with  the  committee  in 
charge  of  the  work. 

PERSONNEL. 

The  various  portions  of  the  plant  were  put  under  the  direction  of 
men  thoroughly  equipped  in  their  special  lines.  The  steam  test  divi- 
sion was  under  the  direction  of  Prof.  L.  P.  Breckenridge,  of  the  Uni- 
versity of  Illinois,  with  Prof.  D.  T.  Randall,  of  the  same  university, 
as  chief  assistant  The  gas-producer  tests  were  under  the  direction  of 
Prof.  Robert  H.  Femald,  of  Washington  University,  St.  Louis,  assisted 
by  Capt.  John  A.  Laird,  also  of  St.  Louis.  The  operation  of  the  gas 
producer  was  directed  by  Messrs.  Charles  W.  Lununis  and  C.  O.  Nor- 
denson,  expert  engineers,  of  R.  D.  Wood  &  Co.,  of  Philadelphia. 
The  gas-engine  operations  wei"e  looked  after  by  Mr.  J.  G.  Culbert- 
son,  an  engineer  of  the  Westinghouse  Company.  The  washing  opera- 
tions were  under  the  superintendence  of  Mr.  John  D.  Wick,  of 
Chicago,  general  foreman  of  the  plant.  The  coking  plant  was  in 
charge  of  Mr.  Fred.  W.  Stammler,  of  Johnstown,  Pa.,  assisted  by 
Mr.  B.  B.  Boyd,  of  Uniontown,  Pa.  The  briquetting  tests  were 
directed  by  Dr.  Joseph  Hyde  Pratt,  of  the  University  of  North  Caro- 
lina and  the  North  Carolina  Geological  Survey,  assisted  by  Mr.  A.  A. 
Steel.  The  plans  for  the  chemical  laboratory,  its  equipment  and  oper- 
ations, were  under  the  direction  of  Prof.  N.  W.  Lord,  of  the  Ohio 
State  University.  His  chief  assistant  at  the  coal-testing  plant  was 
Mr.  £.  E.  Somermeier,  who  is  also  his  chief  assistant  in  his  university 
work.  The  engine  room  was  in  charge  of  Mr.  Otto  Kinner,  a  mechan- 
ical engineer,  of  St  Louis,  and  the  electrical  apparatus  was  looked 
after  by  Mr.  Jos.  Underwood,  also  of  St.  Louis.  Mr.  Louis  H.  Leg- 
ler,  of  Indiana,  rendered  valuable  service  as  timekeeper  and  general 
assistant  foreman  of  the  plant. 
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FIELD  WORK. 

The  field  work  was  placed  in  charge  of  Mr.  M.  R.  Campbell,  one  of 
the  committee  appointed  by  the  Director  of  the  Survey  for  the  prose- 
cution of  these  tests,  who  was  assisted  throughout  the  field  season  by 
J.  Shober  Burrows  and  John  W.  Groves,  and  for  a  short  time  by 
Frank  W.  De  Wolf.  All  of  the  coal  shipped  to  the  plant  for  testing, 
with  the  exception  of  a  few  carloads,  was  collected  under  the  supervi- 
sion of  one  of  these  Survey  oflScials.  This  was  done  to  avoid  any  pos- 
sibility of  the  criticism  that  selected  coals  had  been  subjected  to  these 
tests. 

SAMPLING. 

When  the  coal  was  shipped  the  Survey  representative  sampled  it  at 
two  working  faces  of  the  mine,  and  the  samples  so  obtained  were 
shipped  to  the  chemical  laboratory  for  analysis.  When  the  car  was 
unloaded  at  the  testing  plant,  what  is  known  as  a  ' laboratory  car 
sample,"  consisting  of  about  200  pounds  of  coal,  was  taken  from  every 
car  and  sent  to  the  laboratory,  where  the  coal  was  pulverized,  quar- 
tered down,  and  analyzed.  Again,  as  the  coal  was  distributed  to 
different  portions  of  the  plant  for  testing,  other  samples  were  taken 
in  a  regular  and  uniform  manner  and  sent  to  the  laboratory  for  analy- 
sis. Such  a  series  of  coal  analyses  has  never  before  been  made  in  this 
country. 

REPORTS. 

The  preliminary  reports  of  the  operations  of  the  different 
Ix)rtions  of  the  plant  have  been  prepared  by  the  experts  in  charge. 
A  more  detailed  report,  which  will  be  fully  illustrated  by  photo- 
graphs, graphic  charts,  etc.,  and  which  will  give  the  methods  em- 
ployed and  results  obtained  in  much  greater  detail,  is  in  preparation, 
and  will  be  published  at  the  earliest  possible  date. 

RESULTS. 

It  will  be  necessary  to  test  a  larger  number  and  greater  variety  of 
coals  and  lignites,  and  to  repeat  with  gi'eater  care  some  of  the  tests 
already  made,  before  a  full  discussion  of  the  results  of  these  investiga- 
tions can  be  properly  entered  upon  or  their  value  fully  appreciated. 
But  the. results  already  obtained  from  the  preliminary  investigations 
made  during  the  last  six  months  are  suflScient  to  indicate  their  far- 
reaching  importance  in  the  solution  of  the  fuel  and  power  problems 
upon  which  the  varied  industries  of  the  coimtry  depend. 

Among  the  results  already  clearly  indicated  by  these  preliminary 
tests  the  following  may  be  stated  as  worthy  of  special  consideration: 

(1)  The  tests  in  the  steam-boiler  plant  of  65  carload  samples  of  coal 
irom  17 States  indicate  the  high  steam-producing  capacity  of  Americau 
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coal8,  and  that  the  quality  of  many  of  these  coals  may  be  improved  by 
washing. 

(2)  Most  of  the  American  bituminous  coals  and  lignites  can  }>e  used 
as  a  source  of  power  in  a  gas-producer  plant. 

(3)  As  indicated  by  comparative  tests  of  14  bituminous  coals  from 
9  States,  the  power  efficiency  of  these  coals  when  used  in  the  gas- 
producer  plant  is  two  and  one-half  times  greater  than  their  efficiency 
when  used  in  the  steam-boiler  plant;  or,  in  other  words,  1  ton  of  these 
coals  used  in  the  gas-producer  plant  has  developed,  on  a  commercial 
scale,  as  much  power  as  2i  tons  of  the  same  coal  when  used  in  the 
ordinary  steam-boiler  plant. 

(4)  Some  of  the  lignites  from  undeveloped  but  extensive  deposits  in 
North  Dakota  and  Texas,  when  tested  in  the  gas  producer  and  gas 
engine,  have  shown  unexpectedly  high  power-producing  qualities,  such 
as  promise  large  future  developments  in  those  and  other  States. 

(5)  Some  of  the  American  coals,  and  the  ''slack"  produced  in  min- 
ing these  coals,  can  be  briquetted  on  a  commercial  basis. 

The  value  of  the  results  of  these  investigations  is,  of  course,  not 
limited  to  the  coal-producing  sections  of  the  country,  but  extends 
through  every  State  and  Territory  where  coal  or  other  mineral  fuel 
is  used  as  a  source  of  power.  Thus,  in  the  New  England  States  no 
coal  is  mined;  but  in  the  year  1900  the  steam  power  produced  through 
the  consumption  of  coal  and  used  for  manufacturing  purposes  in  these 
States  cost  approximately  $50,000,000.  The  development  of  this 
power  through  the  more  efficient  methods  suggested  by  these  investi- 
gations would  mean  a  saving  to  the  manufacturers  in  these  States  of 
115,000,000  to  $20,000,000  per  annum. 

As  another  illustration  of  the  way  these  investigations  may  influ- 
ence the  affairs  of  the  nation  as  a  whole,  it  may  be  stated  that  there 
were  used  in  the  naval  vessels  of  the  United  States  in  1903  approxi- 
mately 500,000  tons  of  coal,  costing  $2,500,000.  If  the  future  gas 
producer  and  gas  engine  can  be  substituted  on  our  battle  ships  and 
cruisers  for  the  existing  steam  boilers  and  engines,  the  saving  in  the 
cost  of  coal  would  be  not  less  than  $1,000,000  per  annum,  or,  what 
would  be  of  far  greater  importance,  the  distances  traversed  by  each 
ship  without  coaling  would  Ik?  more  than  doubled. 

The  fact  that  the  coals  and  other  mineral  fuels  used  in  the  United 
States  during  1904  cost  the  consumers  approximately  $1,500,000,0(M) 
indicates  the  magnitude  and  importance  of  the  problems  under  inves- 
tigation by  the  Geological  Survey  in  connection  with  its  coal-testing 
plant. 
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INTRODUCTION. 

The  writer  was  assisted  in  the  collection  of  coal  for  testing  purposes 
throughout  the  field  season  b}'  Mr.  J.  Shober  Burrows  and  Mr.  John 
W.  Groves,  and  for  a  short  time  by  Mr.  Frank  W.  De  Wolf. 

In  a  circular  letter  sent  out  early  in  the  season  the  coal  operators  of 
the  United  States  were  invited  to  participate  in  these  tests,  upon  the 
conditions  stated  in  the  act  of  Congress  under  which  the  work  was 
carried  on,  namely,  that  all  material  to  be  tested  should  be  delivered 
at  the  testing  plant  free  of  cost  to  the  Government.  It  w^as  decided 
by  the  committee  in  charge  that  for  practical  tests  of  the  character 
contemplated  not  less  than  one  carload  of  coal  should  be  accepted.  In 
response  to  this  invitation  offers  of  coal  were  made  from  almost  every 
coal-producing  State  in  the  Union.  From  these  offers  it  was  decided 
to  accept  such  samples  as  best  represented  the  State  from  which  they 
were  obtained,  and  also  the  various  fields  or  districts  within  the  State. 
Owing,  however,  to  the  fact  that  the  testing  plant  was  put  in  opera- 
tion late  in  the  season,  it  was  found  to  be  impossible  to  test  all  of  the 
coal  samples  offered,  and  so  a  number  of  important  coal  fields  and 
even  States  of  large  production  are  not  represented. 

It  is  a  genemlly  recognized  principle  that  the  value  of  tests  upon 
fuel  and  similar  materials  depends  largely  upon  the  way  in  which  the 
sample  was  obtained  and  what  it  represents.  In  the  present  work  the 
coiumittee  in  charge  decided  to  give  this  feature  sjxicial  attention  and 
in  every  case  possible  to  superintend  the  collection  of  the  sample,  so  as 
to  be  in  a  position  to  guarantee  that  the  coal  tested  fairly  represented 
the  coal  produced  from  the  mine  as  far  as  it  is  possible  for  one  carload 
to  represent  the  output  of  a  mine. 

CAR  SAMPLES. 

In  actual  operation  the  sampling  was  done  as  follows: 
After  arrangements  had  been  made  for  the  coal,  and  its  transporta- 
tion was  assured,  the  representative  of  the  testing  plant  visited  the 
mine  for  the  purpose  of  procuring  a  sample.     He  first  entered  the 
mine  and  carefully  studied  the  character  of  the  coal  as  shown  in  the 
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bed  before  it  was  mined,  and  the  method  of  mining  and  of  cleaning 
the  coal  as  it  was  loaded  on  cars  in  the  mine.  After  becoming  famil- 
iar with  the  underground  conditions,  he  v  isited  the  tipple  and  observed 
the  manner  of  handling  the  coal  for  market,  getting  information 
regarding  the  arrangement  of  the  screens,  the  grades  of  coal  pro- 
duced, and  the  method  of  utilizing  slack  coal,  washing,  coking,  etc. 
When  this  was  accomplished  the  inspector  supei^vised  the  loading  of 
a  car  for  testing  purposes,  selecting  run-of-mine,  lump,  or  nut  coal,  as 
seemed  to  him  most  nearly  representative  of  the  general  output  of  the 
mine,  or  in  particular  cases  selecting  certain  grades  for  special  tests. 
The  loading  of  the  car  was  carefully  watched  so  as  to  prevent  undue 
l)icking  or  any  irregularity  that  would  tend  to  make  the  test  sample 
better  or  worse  than  the  average  output. 

In  certain  cases  where  a  number  of  cars  were  in  the  yards,  already 
loaded  with  what  was  regarded  as  representative  coal,  one  of  these 
cars  was  selected  at  random  and  shipped  to  the  testing  plant. 

In  case  the  car  sample  consisted  of  lignite  or  soft  bituminous  coal 
such  as  probably  would  be  aflFected  by  weathering  in  tmnsit,  it  was 
loaded  in  a  box  car,  but  the  great  majority  of  samples  were  shipped 
in  ordinar}^  open  coal  cars  without  any  protection  from  the  weather. 
Most  of  this  coal  was  shipped  during  the  months  of  August,  September, 
October,  and  November,  and  these  months  were  unusually  dry  in  the 
vicinit}^  of  St.  Ix)uis.  For  this  reason  it  seems  probable  that  the  coal 
in  transit  was  subjected  to  little  rain  or  snow,  and  that  the  principal 
cliange  caused  by  weather  was  a  change  in  amount  of  moisture  due  to 
atmospheric  conditions  which  probably  affected  not  only  the  coal  in 
open  cars  but  also  that  shipped  in  box  cars. 

MINE  SAMPLES. 

As  an  additional  check  on  the  quality  of  the  coal,  and  especially  for 
the  determination  of  its  moisture  content  in  its  native  condition,  two 
samples  were  taken  in  each  mine  for  chemical  analysis.  These  were 
handled  as  follows:  After  a  general  inspection  of  the  mine  to  deter- 
mine the  variations  of  the  coal  in  thickness  and  quality ,  two  points 
were  selected  in  opposite  or  widely  separated  parts  of  the  mine,  and 
after  the  face  of  the  coal  was  cleaned  of  any  weathered  coal  or  powder 
smoke,  a  cut  was  made  across  the  face  of  the  coal  from  roof  to  floor, 
including  all  of  the  l)enches  of  coal  mined  and  such  impurities  as  were 
not  removed  in  ordinarv  work.  This  cut  was  about  3  inches  w  ide  and 
1  inch  deep.  The  coal  obtained  from  it,  amounting  to  26  or  30  pounds, 
was  caught  upon  an  oilcloth  blanket  spread  upon  the  floor  of  the  mine 
so  as  to  protect  the  sample  from  water  and  from  including  any  shale 
or  clay  fragments. 

The  coal  composing  the  sample  was  then  pulv^erized  and  quartered 
down  according  to  the  generally  accepted  rules  for  pvepavm^  ^'axw^^'^s 
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until  a  quart  sample  was  obtained  with  the  particles  of  coal  reduced  to 
a  size  not  much  greater  than  one-fourth  inch  in  diameter.  The 
sample  was  placed  in  an  air-tight  galvanized  iron  can  having  a  screw 
top  and  the  can  was  hermetically  sealed  by  screwing  the  top  down 
tight  and  (covering  the  joint  with  tire  tape.  The  can  containing 
the  sample  was  then  mailed  to  the  testing  plant,  and  in  almost  all 
case^  it  reached  its  destination  within  two  or  three  davs  of  the  date 
of  sampling  in  the  mine.  When  the  can  reached  the  chemical  labora- 
tory the  sample  was  at  once  transferred  to  a  Mason  glass  jar,  in  which 
it  was  sealed  until  the  time  for  taking  it  up  for  chemical  analysis. 

UNINSPECTED  CAR  SAMPLES. 

In  a  few  cases  carload  samples  were  shipi)ed  to  the  testing  plant 
without  the  personal  supervision  of  a  representative  of  the  Govern- 
ment. In  one  case  this  was  the  result  of  a  misunderstanding;  in 
others  the  sample  consisted  of  slack  coal,  and  it.s  selection  did  not 
need  personal  supervision.  In  the  ctuse  of  the  North  Dakota  lignite, 
it  was  impossible  to  send  a  man  there  early  enough  in  the  season  to 
insure  the  car  reaching  the  plant  before  the  close  of  the  Exposition 
period.  This  necessitated  the  loading  of  a  sample  without  super- 
vision, but  since  it  is  probable  that  the  lignite  from  these  mines  is  of 
fairly  uniform  quality,  the  sample  was  accepted  as  representative. 

The  committee  in  charge  do  not  care  to  hold  themselves  responsible 
for  the  representative  character  of  coal  thus  sent  in  without  their  per- 
sonal supervision,  but  the  results  of  the  test^  are  given  for  what  they 
are  worth. 

The  samples  sent  in  irregularly  are  as  follows: 

Indian  Tei^ritorif  No.  6, — Slack  coal  from  mine  of  the  Southwestern 
Development  Company,  located  at  Coalgate,  Ind.  T.  This  sample  rep- 
resented the  waste  product  of  the  mine,  and  consequently  its  selection 
did  not  need  to  be  under  the  supervision  of  a  representative  of  the 
testing  plant. 

Kan^Hos  No,  4^. — Lump  coal  from  mine  of  the  Atchison  Coal  Mining 
Company,  located  near  Atchison,  Kans.  Owing  to  misunderstanding 
of  instructions  this  sample  was  sent  without  personal  supervision,  but 
its  representative  character  is  vouched  for  by  Prof.  Erasmus  Haworth, 
State  geologist  of  Kansas. 

Montana  No,  1, — Washed  slack  from  Red  Lodge,  Mont.  This  is  a 
lignitic  coal  which  was  sent  in  by  Mr.  L.  S.  Storrs,  geologist  in  charge 
of  coal  lands  of  the  Northern  Pacific  Railway  Company. 

North  Dakota  No,  1, — Brown  lignite  from  Lehigh,  N.  Dak.  Sent 
by  L.  S.  Storrs. 

North  T)ah)ta  No,  %, — Brown  lignite  from  mine  of  the  Cedar  Coulee 
Coal  Company,  located  4  miles  southeast  of  Williston,  N.  Dak.     This 
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sample  wuii  sent  to  the  touting  plant  h\^  Mr.  II.  A.  Storrs,  engineer, 
Reclamation  Service,  Denver,  Colo. 

Pennsylvania  Noh.  1  and  2, — Lump  coal  from  Eureka  No.  31  mine, 
of  the  Berwind- White  Coal  Mining  Company,  located  at  Windber, 
Somerset  County,  Pa.  This  coal  was  used  in  preliminary  tests  to  show 
that  the  machinery  was  in  proper  working  order.  The  tests  were  sat- 
isfactory, but  the  assumption  that  the  coal  tested  was  representative  in 
character  rests  upon  the  statement  of  the  company  furnishing  it. 

Peixnuyhmnia  No,  X— Anthracite  culm  from  Pennsylvania  Coal 
Company,  Scranton,  Pa.  This  sample  of  culm  was  sent  for  briquet- 
ting  purposes  and  hence  needed  no  inspection. 

DESCRIPTION  OF  CAR  SAMPLES. 

Sixty-five  car  samples  of  coal  were  received  at  the  testing  plant 
during  the  season,  from  seventeen  States.  These  ma}''  be  grouped  by 
States  as  follows: 

Alabama,  2;  Arkansas,  6;  Colorado,  1;  Illinois,  6;  Indiana,  2;  Indian 
Territory,  6;  Iowa,  6;  Kansas,  5;  Kentucky,  4;  Missouri,  4;  Montana, 
1;  New  Mexico,  2;  North  Dakota,  2;  Pennsylvania,  3;  Texas,  2;  West 
Virginia,  12;  Wyoming,  2. 

The  following  is  a  complete  list  of  the  car  samples  received,  giving 
details  of  ownership,  location,  character  of  sample,  etc.: 
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Lint  of  car  samples 


NameofHample. 

Operator. 

Mine. 

Location. 

Railroad. 

Alabama  1 

Ivy  Coal  and  Iron  Co. . . 

No.8 

li  miles  west  of  Horse 
Creek,    Walker 
County,  Ala. 

Frisco  System 

Alabama  2 

Gal  Iowa  V  Coal  Co.,  Car- 
bon Hill,  Ala. 

No.  5 

About  1  mile  north- 
west of  Carbon  Hill, 
Walker  County,  Ala. 

Frisco  System 

1 

Arkansax  1 

Central  Coal  and  Coke 
Co.,  Kansas  City,  Mo. 

No.  3 

Huntington,  Sebas- 
tian County,  Ark. 

Frisco  System 

Arkan»aH2 

Central  Coal  and  Coke 
Co.,  Kansas  City.  Mo. 

No.  12 

Bonanza,     Sebastian 
County,  Ark. 

Frisco  System 

Arkansas  3 

Western  Coal  and  Min- 
ing Co.,  St.  Louis,  Mo. 

No.  18 

Jenny    Lind,   Sebas- 
tian County,  Ark. 

Missouri  Pacific 
Railroad. 

ArkansaH4 

Western  Coal  and  Min- 
ing Co.,  St.  Louis,  Mo. 

^O.  lo  ........ 

Denning.  Franklin 
County,  Ark. 

West  of    Coal    Hill. 
Franklin    County, 
Ark. 

Missouri  Pacific 
Railroad. 

Arkansas  5 

Western  Coal  and  Min- 
ing Co.,  St.  Louis,  Mo. 

No.  4 

Missouri  Pacific 
Railroad. 

ArkansaH6 

Western  Coal  and  Min- 
ing Co. ,  St .  Louis,  Mo. 

No.  18 

Jenny    Lind,   Sebas- 
tian County,  Ark. 

Missouri  Pacific 
Railroad. 

Colorado  1 

Northern  ( -oal  and  Coke 
Co.,  Denver,  Colo. 

Simpson 

Lafayette,     Boulder 
County,  Cxilo. 

Colorado  and 
Southern  Rail- 
road, Burling- 
ton System. 

Illiuoisl 

Western    Anthracite 
Coal  and  Coke  Co., 
St.  Louis,  Mo. 

No.l 

O'Fallon.    St.    Clair 
County,  111. 

Belt  Terminal 
R.  R.  of  East  St. 
Louis. 

Illinois  2 

Western    Anthracite 
Coal   and  Coke  Co., 
St.  Louis,  Mo. 

No.l 

O'Fallon,    St.    Clair 
County,  111. 

Belt  Terminal 
R.  R.  of  Fjist  St. 
Louis. 

Illinois  3 

Southern  Illinois  Coal 
Mining  and  Washing 
Co.,  Marion,  111. 

No.3 

Marion.    Williamson 
County,  111. 

Chicago  and  East- 
em  Illinois 
R.  R. 

Illinois  4 

Donk    Bros.  Coal  and 
Coke  Co.,  St.  Ix)uis. 
Mo. 

No.3 

About   1   mile   west 
of    Troy.   Madison 
County,  111. 

St  Louis,  Troy 
and  Eastern 
R.  R. 

Illinois  5 

Donk    Bn>s.  Coal  and 
Coke  Co.,  St.  Louis, 
Mo. 

Collinsville.  Madison 
County,  111. 

St.  Louis,  Troy 
and  Eastern 
R.  R. 

Illinois  G 

Clover  Leaf  Coal  Co., 
Colleen,  111. 

No.l  .shaft.... 

Coffeen.  Ill 

Toledo,  St.  Louis 
and  We-stern 
H.  R. 

FIELD    WORK. 


received  at  testing  plant. 


sampler. 

Kind  n[  coftl. 

N^nuoTbed. 

T»,.. 

M.R.C«iiplKll 

■creen. 

Hono  Creek 

CoklnK  ie>t.  p.  h\. 
BrifliiettlnK  itm.  p.  ila. 

U.K.  Campbell 

»»"=  JSTtS 

J 

aiesiuiew      no 

SSJnTi^rp!^,^''' 

M.K.C«mpb«l] 

Blmminous.  OterlHuch 

BriqUBniugle«.l.,l«. 

M.R.<iuopbell 

Bltonilnoiui.   OreilHnch 

Jenny  Und 

fit™mi™t,p.«l. 
Coking  l«*l.  p.  122, 

J  W  (itmu. 

lennyLInd 

St«mh»t,p.w. 

Ootlngw«,p.l2i 

Briqueillnst«jt,p,U0. 

Shipped  by  oper»tM.. 

•"'""-""■  ■■"»- 

Donning 

J  W  GMien 

lump,  ball  OM-i. 

J   W  U«,v«i 

Jenny  LInd 

s,as.tt«- 

BlIqaettiDK  Uwl,  p.  152. 

F.W.neWoir 

ain.lt llBtllte.  KuuolmlM. 

steam  Hal.  p.  BO. 
Producer  ma  test,  p.  ga 

JJ.K.  Campbell 

BilumlDOiu.    Slnpk 

cok™giLi.'p.  isa. 

H.RA^mpbclI 

„              t«.    „    SB 

Coking  t«t.  p.  123. 

J   WHm 

Bll,.B.l..MUB.    Km,«(«lnP. 

No  7 

SI  earn  test,  p.  SO. 

WaHhlntiUiHl.p.W. 
Cflfclng  le-l,  p.  tas. 

M.R.Cmnpl-ell.. 

Hteam  teal,  p.  SO. 
flriqui.H1nB.Bt,  p.  m 

11.11.  Cunplwll.. 

WaalllngtWt,p.B7. 
Cuklntc  liiat,  p.  U3. 

JB.Bumn™ 

N    6 

auam  t«il.  p. «). 
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List  of  car  samplas  received 


Name  of  sample.              Operator. 

Mine. 

Location. 

R&Un)ad. 

Indiana  1 

J.    Woollev   Coal   Co., 
Evanavifle,  Ind. 

Mildred 

Mildred.     Sullivan 
County,  Ind. 

Evansville  and 
Terre  Haute 
R.  R. 

Indiana  2 T.  D.  Scales  Coal  Co., 

1      Boonville,  Ind. 

Electric 

Boonville,     Warrick 
County,  Ind. 

Southern  Rwy 

* 

Indian     Terri-     Whitehead    Coal    and 

No.l 

Henryetta,  Ind.  T 

Frisco  Svstem 

torv  1.                    Mining  Co.,  Henry- 

1      etta,  Ind.  T. 

1 

Indian    Terri- 

Kock  Island  Coal  Co.. 

No.  8 

Hartshome,  Ind.  T... 

Rock  Island  Sys- 
tem. 

tt»ry  '1. 

Hartshome,  Ind  T. 

Indian    Terri- 

D.  Edwards  &,  Son.  Ed- 

No.l 

Edwards,  Ind.  T 

Rock  Island  S>^- 
tem. 

t4)ry  3. 

ward.s.  Ind.  T. 

Indian    Terri- 

Western  Coal  and  Min- 
ing Co.,  St.  Louis,  Mo. 

No.  6 

Half  mile   north  of 
Lehigh,  Ind.  T. 

Minouri,  Kansas 
and  Texas  Rwy. 

lory  4. 

1 
Indian     Terri-      Wf>>»ti»rn  C.(\ti\  Rnd  Min- 

No.7 

Lehigh,  Ind.  T 

Missouri,  Kansas 
and  Texas  Rwy. 

lory  5, 

ing  Co.,  St.  Louis,  Mo. 

Indian    Terri- 

Southwestern  Develop- 
ment   Co.,    Parsons, 
Kans. 

Anchor  Coal   Co.,  Ot- 
tumwa,  Iowa. 

Colgate,  Ind.  T 

Missouri,  Kansas 
and  Texas  Rwy. 

tory  6. 

Iowa  1    

No.2 

Laddsdale,  Iowa 

Rock  Island  Sys- 
tem. 

Iowa  2 

Mammoth    Vein   Coal 
Co.,  Hamilton,  Iowa. 

No.  5 

Liberty     Township, 
Marion       County, 
Iowa. 

Wabiuh  Railroad. 

Iowa  3 

Gibson  Coal  Mining  Co., 
Des  Moine«.  Iowa. 

No.4 

Near   Altoona,   Polk 
County,  Iowa. 

Rock  Island  Sys- 
tem. 

Iowa  4 

Centerville  Bloelt  Coal 

No.3 

Centerville,     Appa- 
nooseC-ounty.lowa. 

C.,B.&Q.R.R-;I. 
C.  xv.  xv. !  C,  Iv.  1. 
«feP.R.R.;C.,M. 
&St.P.R.R.^ 

Co.,  Centerville,  Iowa. 

1 
lowH  5 Inland  Fuel  Co..  Chari- 

No.  1 

Chariton,       Lucas 
County,  Iowa. 

Burlington  Sys- 
tem, within  6 
miles. 

1      ton,  Iowa. 

Kansaj^  1 

Western  Coal  and  Min- 
ing Co.,  St.  Louis,  Mo. 

No.  10 

Fleming,     Crawfonl 
County,  Kan.s. 

Missouri  Pacific 
R.  R. 

Kansas  2 

Western  Coal  and  Min- 
ing Co.,  St.  Louis,  Mo. 

No.  11 

Yale,      Crawford 
County,  Kantt. 

Missouri  Pacific 
R.  R. 

Kansa.s  3 

Southern      Coal     and 

No.  9 

Scammon,  Cherokee 

Frisco  System .... 

■             .             / 

Mercantile  Co.,  Scam- 
mon,  Kans. 

- 

County,  Kans. 

CAMPBELL.] 


FIELD    WORK. 
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at  testing  plant — Continued. 


Sampler. 

Kind  of  coal. 

Name  of  bed. 

Tests. 

J.S.  BUITOWB 

Bituminous.    Run  of  mine. 

No.6 

Steam  test,  p.  80. 

Producer-gais  test,  p.  94. 
Washing  test,  p.  63. 
Coking  test,  p.  123. 
Briquetting  test,  p.  164. 

J.  S.  Barrows 

Bi  luminous.   Run  of  mine . 

Steam  test.  p.  81. 

Producer-gas  test,  p.  96. 
Briquetting  test,  p.  154. 

J.S.  Burrows 

Bituminous.    Overl|-inch 
screen. 

Henryetta 

Steam  test,  p.  81. 

Producer-gas  test,  p.  98. 
Coking  test,  p.  123. 

J.  W.  Groves 

Bituminous.  Rtmofmine. 

Hartshome 

Steam  test.  p.  81. 

Washing  test,  p.  67. 
Coking  test,  p.  124. 
Briquetting  test,  p.  165. 

J.  W.  Groves 

Bituminous.  Run  of  mine. 

McAlester 

Steam  test,  p.  81. 
Washing  test,  p.  68. 
Coking  test.  p.  124. 
Briquetting  teat,  p.  155. 

1 
1 

J.  W.  Groves 

Bituminous.    Over  1-inch 
screen. 

LehiKh 

Steam  test,  p.  81. 

J.  W.  Groves 

Bituminous.    Mixed 
through  i  and   i  inch 
screen. 

Lehiffh 

Washing  test,  p.  68. 
Coking  test,  p.  124. 

1 
1 

Shipped  by  operator. . 

Bituminous.    Slack 

Lehigh 

* 

Briquetting  test,  p.  155. 

J.  W.  Grovea 

Bituminous.    Over  1  i-inch 
screen. 

Middle  bed 

Steam  test.  p.  81. 
Washing  test,  p.  68. 
Coking  test,  p.  124. 

J.  W.  Groves 

Bituminous.  Run  of  mine. 

Bijc  vein 

Steam  test,  p.  81. 
Washing  test,  p.  69. 
Coking  test,  p.  124. 

J.  W.  Groves 

Bituminous.   Overl|-inch 
screen. 

Third  seam 

Steamiest,  p. 81. 
Washing  test,  p.  69. 
Coking  test,  p.  125. 

J.  W.  Groves 

Bituminous.   Overl|-iuch 
screen. 

Lower  bed 

Steam  test,  p.  81. 
Wasliingtest,  p.69. 
Coking  test,  p.  125. 
Briquetting  test,  p.  168. 

J.  W.  Groves 

Bi  tuminoiis.    Run  of  m  i  ne . 

Lower  bed 

Steam  test,  p.  81. 
Washing  test,  p.  70. 
Coking  teat,  p.  125. 

J.  W.  Groves 

Bituminous.    Run  of  mine . 

Weir- Pittsburg  ... 

Steam  test,  p.  81. 
Coking  test,  p.  125. 

J.  S.  Burrows 

Bituminous.    Lump    and 
nut. 

Weir-Plttsburg  ... 

• 

Steam  test,  p.  81. 
Coking  test,  p.  125. 
Briquetting  test,  p.  159. 

H.  R.Campben 

Bituminous.    Run  of  mine. 

Weir-PIttsbun?  . . . 

Steam  test,  p.  81. 
Coking  test,  p.  125. 

\          ^  1 
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PRELIMINARY    REPORT    ON    COAL-TESTING    PLANT,     [bull.  201. 


List  of  car  samples  received 


Name  of  sample. 


Operator. 


Kansas  4 The  Atchhion  Coal  Min- 

;     Ing    Co.,    Atchison, 
Kans. 


Mine. 


Atchison 


Location. 


Railroad. 


Kansas  5 


Southwestern  Develop-     No.  11 
ment    Co.,    Parsons, 
Kans. 


Kentucky  1  ....    National  Coal  and  Iron 

Co.,  Louisville,  Ky. 


Kentucky  2 


Kentucky  3 


1\  miles  below  Atchi- 
son, Atchison 
County,  Kans. 


Missouri    Pacific 

A.  R. 


West  Mineral,  Kans . .   Missouri,  Kansas 

and  Texas  R.R. 


Straight  Creek!  Straight  Creek,  Bell 
No.  2.  County,  Ky. 


Louisville      and 
Nashville  R.  R. 


St.  Bernard  Mining  Co., 
Earlington,  Ky. 


St.  Bernard  Mining  Co., 
Earlington,  Ky. 


Kentucky  4 Wheatert)ft    Coal   and 

Mining  Co.,   Wheat- 
croft,  Ky. 


Missouri  1 


Missouri  2 


Missouri  3 


Mifl80uri4 


Montana  1 


New  Mexico  1 . . 


New  Mexico  2 . . 


North  Dakota  1. 


North  Dakota  2. 


Pennsylvania  1. 


Pennsylvania  2, 


New  Home  Coal   Co., 
Sprague,  Mo. 


Northwestern  Coal  and 
Mining  Co.,  Kansas 
City,  Mo. 


Mendota  Coal  and  Min- 
ing Co.,  Mendota,  Mo. 


Morgan    County   Coal 
Co.,  St.  Ix)uis,  Mo. 


American     Fuel     Co., 
Denver,  Colo. 


Caledonian   Coal   Co., 
Gallup,  N.  Mex. 


Cedar  Coulee  Coal  Co., 
Williston,  N.  Dak. 


Berwind- White  Coal 
Mining  Cx>.,  Philadel- 
phia, Pa. 


Berwind-White  €oal 
Mining  Co.,  Philadel- 
phia, Pa. 


No.  11 


£arIington.  Hopkins 
County,  Ky. 


Bamsley 


WheaU'roft.. 


No.l. 


No.  8. 


Weaver. 


Otero 


Eureka  31. 


Eureka  31. 


Bamsley,      Hopkins 
County,  Ky. 


Wheatcroft,  Webster 
County,  Ky. 


New    Home,     Bates 
County,  Mo. 


1  mile  south  of  Bevier, 
Macon  County,  Mo. 


Mendota,  Putnam 
County,  Mo. 


Near  Barnett,    Mor- 
gan County,  Mo. 


Red    Lodge,  Carbon 
County,  Mont. 


3  miles  north  of  Gal- 
1  u  p  .  M  (^  K  i  n  1  e  y 
County,  N.  Mex. 


\\  miles  e&st  of  Gal- 
lup,  McKinley 
County,  N.Mex. 


Lehigh,  Stark  County, 
N.Dak. 


4  miles  southeast  of 
Williston.  Williams 
County,  N.  Dak. 


Windber,    Somerset 
County,  Pa. 


Windber,   Somerset 
County,  Pa. 


Louisville      and 
Nashville  R.  R. 


Louisville      and 
Nashville  R.  R. 


Illinois     Central 
R.R. 


Frisco  System 


Burlington    Sys- 
tem. 


Burlington     Sys- 
tem. 


Rock  Island  Sys- 
tem. 


Northern  Pacific 
R.R. 


Santa  Fe  R.  R 


Santa  Fe  R.  R 


Northern  Pa(;ific 
R.R. 


Great     Northern 
R.R. 


Pennsylvania  R.  R 


Pennsylvania  R.  R 


•   \MI*HKI.L.] 


V'lELD    WORK. 
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iff  tt'fiting  plant — Coutiiiued. 


Sampler. 

Kind  of  coal. 

Name  of  bed. 

Tests. 

1  Shipped  by  operator. . 

BituminouH 

Steam  test,  p.  81. 
Coking  te.st.  p.  125. 

1 
1 

M.  R.  Campbcl] 

Bituminoas.    Over  |-inch 
scrreen. 

Weir-PittsburK  ... 

Steam  test,  p.  81 . 

.1.  S.  Burrows 

Bituminous.    Run  of  mine. 

Steam  test,  p.  81. 
(Poking  test.  p.  126. 
Briquetting  test,  p.  159. 

J.  S.  Burrows 

Bituminous.    Over  J-inch 
screen. 

No.  11 

Steam  test,  p.  81. 

Caking  test.  p.  126. 
Briquetting  test,  p.  159. 

.1.  S.  Burrfjws 

Bituminous.    Run  of  mine 
and    coal    over    J-inch 
screen. 

No.  9 

Steam  test,  p.  81. 
Producer-gas  test,  p.  99. 
Washing  test,  p.  70. 
Coking  test,  p.  126. 

J.  S.  Burrows 

Bituminous.    Run  of  mine. 

No.ll 

Steam  test,  p.  81. 

Washing  test,  p.  70. 
Coking  test,  p.  126. 

J.  S.  Burrows 

Bituminou.«i.    Run  of  mine. 

Steam  test.  p.  81. 

1 

Briquetting  test,  p.  160. 

J.  W.  (5rove« 

Bituminoas.    Run  of  mine. 

Bevier 

Steam  test,  p.  81. 

1 

1 

Producer  gas  test.  p.  101. 
Washing  test,  p.  70. 
Coking  test,  p.  126. 

Shipped  by  operator.. 

Bituminous  slack 

Steam  test.  p.  82. 

Washing  test.  p.  64. 
Coking  test,  p.  126. 

J.  W.Grovei 

Bituminous.    Run  of  mine. 

Steam  test.  p.  82. 
Coking  test,  p.  126. 

Shipped  by  L.  S.  Storrs 

Black   lignite  (?)    No.   4, 
washednut. 

Producer  iras  test.  p.  102. 

Briquetting  test,  p.  160. 

M.  R.  Campbell 

Black  lifrnite.  Run  of  mine 

No.  3  and  No.  8i.. 

Steam  test.  p.  82. 
Briquetting  test,  p.  161. 

M.R.  Campbell 

Black  lignite.    Slack 

Otero,  Thatcher, 
Crown  point. 

St-eam  test,  p.  82. 
Briquetting  test,  p.  162. 

Shippe<l  by  L.S.  Storrs 

Brown  liimite 

Steam  test,  p.  K2. 
Briquetting  test,  p.  162. 

Shipped  by  operator. . 

Brown  liiruite 

Producer-gas  test,  p.  104. 

Shipped  by  operator. . 

Bituminous 

B(?) 

Steam  test,  p.  82. 

■m^    \'/«*.*********** 

Shipped  by  operator. . 

RitiiminonH  ,.^.,., 

B  (?) 

Steam  test,  p.  82. 

\ 

PRELIMIHAKY   REPORT   ON 


COAL-TESTING    PLANT,    (bili,  an. 
Livt  of  cur  tatiiijdt:  nrr!  i\tl 


N  nine  ofnm  pie 

Operator, 

Mine. 

LoraUoD. 

Rallnwd, 

Fennaylvanlt  Coil  Co., 
Scnuilon.  l^. 

Houaton   Coonty  Coal 
Co.,Cr,>okwi,Tei. 

Woolten. 

11    mUoi     Konth    of 
Cminly,  Tex. 

H.n. 

HoyI,  W.Kxl  Coanly. 

Teia«6honLlnr. 

Dallu,  lex. 

WatVli«iDlal. 

v^jsps: 

KIngtuont... 

Cminly,W-Vii. 

ClarkibUtK,  Haninn 
Coimly.W.Va. 

Baltimore   au<l 

W*M  VlrsinUi- 

PDvairn     Coal    Co., 

lllealm 

Baltimore    and 

WeMVitKlniaa 

Wat  Vir^nla  Coal  Po.. 
Mnrganlown.  W.Va. 

RltharJ 

4  mllea  Hiulheairt  of 
MonmrH.i»n,    Mo- 

rff'- '•"""""■ 

WMVIfglnUCoalCo., 

BreU 

4  mllei  northwEHI  ul 

Wi«lVin(lnl«5. 

Davis  Colliery  C^..  EI- 
klQS,  W.  Va. 

foallon 

"rS.s-K""" 

Coal    and    (\<ke 

WmVlrglninfl. 

The  Ne*  River  Smok.'- 
IPHK  Coal   C<>,  Bush 
KuD,  W,  Vb. 

Rii-bRmi.... 

'T.^;\'ff"' 

"sri  ■"" 

WmtVitsllilB?. 

The  New  River  Snioke- 
less  Ciiul   Co.,   Rnsh 
Ri.n.W,Va. 

«"°  "'"l 

son.  Fayeltp  C«unly. 

"&«  "■' 

W«i!tVl(glnl«a- 

"^"K'^srs: 

aaulByMo.in- 
loln. 

Ansled.  Fayette 
rminly.W.Va. 

1  mile  ab(iVL'  Pciwi'll- 
ton.FayerleCoaQty, 

"Sra\'.  '■• 

We«Vlrtfnta9. 

Mount  CHibon  Coal  Co., 
rUnitled),Powellton, 
W.Va. 

Vulcan 

Ohio  K,  R. 

WcstVlTRlntalO 

Stuart  M;  Buck,  Bnini- 

mine. 

Mora.  Mproer  County, 

N'orfolkandWest- 

WcslVlotlntBU 

W.  H.  Coffman,  Blue- 
lloia.W.Va, 

""'"-"■'■ 

tViiioty.W.VB, 
Ble  Sandy,  Mc:Dnw- 

XortolVaiid-West- 

™,  v*. 

Bl«  atindy    Coal    an.l 

Big  Bandy.... 

NorfolkandWcet- 
em  BaUroad. 

WToiuliwl.... 

VvumtnECud  Mining 
f'o,.  Monarch,  Wyo. 

Monarch 

9mlle8nDnhwe.tof 
eh  eridan.  Sheridan 
C<nintr,  Wjo. 

Burlington    Syn- 

Wyomlinfa 

/ 

Cambria  Fuel  Co.,  Cam- 
hrlfl,  Wyo. 

and  2  and 
Jumbo. 

Cambria.     We«(on 
County.  Wyo. 

Burilngton    By>- 

FIKLD    WCHtK. 


at  testinf/  plont — Continued. 


gunplei. 

Klmli.(««l. 

Nbidi-  ut  hort. 

«.■ ,^^ 

llwllu'etKMtcM,  p.  1M. 

.8lili.peilbjopcr.l<.r.. 



M.  fcCmpbe!! 

Brnxn  Ibtiilti' 

».  R.C>Dipb.-1l 

Bivttii  II     lU- 

rrwliicergu  teat,  p,  107. 

ITHrtiH'er-itiiH'liiil,  p.  lUil. 
uokiiig  imi.  p.  la. 



J    S    BOTTUW. 

I  H  B 

Pltl.hUB. 

Coking  Isn.  p.  177. 

Tpper  Frocport... 

J  SBurrowj 

Bilumiiiuw.    Runulmiiie. 

Brliiurllliig  Icfil.  p'.  t«A. 

J    aBUTTO* 

""—■  "■■"•■'»"■ 

UppiT  Freeporl... 

Hlvamlwl,  p.RX. 
Pf.-lur«™i«t.p.Ill. 
Willing  lest,  p,  71. 

I'pppr  Ffceiwrt... 
Qulnnlmuiil 

8t.»ni  tesl,  p.  K. 
Wwihlngtei.p.  7a. 

J  M  Bum  w« 
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WORK  OF  THE  CHEMICAL  LABORATORY. 


Bv  N.  W.  Lord. 


INTRODUCTION. 

In  this  proliminarv  report  oril}'  the  mine  samples  and  the  labom- 
torv  car  samples  of  the  coals  are  considered. 

Numerous  analyses  made  in  connection  with  steam  tests,  producer- 
jr«is  tests,  coking  tests,  etc.,  representing  the  portions  of  coal  used 
in  these  tests,  are  published  in  the  several  reports  giving  the  results  of 
the  tests  and  are  not  repeated  here. 

SAMPLING. 

The  mine  samples  were  taken  by  the  agents  of  the  Survey  at  the 
mines  from  which  the  coal  was  shipped  and  were  sent  to  the  laborator}^ 
in  sealed  cans.  They  were  taken  on  opposite  sides  of  the  mine  or  in 
places  widely  sepanite<l,  so  that  to  a  certain  extent  they  show  the 
variations  in  the  qualit\'  of  the  coal  within  the  limits  of  the  mine.  In 
the  final  report  the  points  at  which  the  samples  were  obtained  will  be 
accumtely  described,  but  in  the  present  report  the  samples  will  be 
designated  merely  ''  mine  sample  A"  and  "  mine  sample  B." 

The  lalK)ratorv  car  s^imples  were  taken  from  the  carload  of  coal 
sent  to  the  plant  for  testing  at  the  time  that  it  was  unloaded.  The}'^ 
usually  represent  either  the  whole  car  or  that  portion  of  it  used  in  the 
tests.  The  laboratory  car  sample  was  obtained  after  the  coal  had  been 
passed  through  rolls  having  an  aperture  of  al>out  li  inches,  by  taking 
portions  at  short  intervals  from  the  buckets  of  the  conveyor.  These 
portions,  after  thorough  mixing,  were  used  for  the  preparation  of  the 
laboratory  sample. 

LOSS  ON  AIR  DRYING. 

Most  coals  rapidly  lose  moisture  on  exposure  to  air.  In  grinding 
the  large  sample  down  to  the  fine  state  of  pulverization  necessary  in 
the  small  laboratory  sample  there  is  liable  to  be  a  large  and  undeter- 
mined  loss  of  moisture.     To  reduce  the  error  due   to  this  loss  of 
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moisture,  each  sample  of  coal,  after  a  rapid  preliminary  crushing  to 
al>out  one-fourth  inch  size  and  reduction  in  bulk  by  quartering  where 
desirable,  was  weighed  and  then  exposed  to  the  air  for  about  twenty- 
four  hours,  or  until  the  loss  of  weight  on  further  exposure  became 
slight. 

The  loss  of  weight  thus  determined  constitutes  the  "  loss  on  air  dry- 
ing." The  coal  in  this  air-dried  condition  was  then  pulverized  for  the 
final  sample  to  be  used  in  the  various  operations  of  the  laboratory. 

The  reduction  of  the  actual  results  obtained  upon  the  air-dried  sam- 
ple to  the  equivalent  results  on  the  original  sample  before  air  drying 
wiuj  accomplished  as  follows:  Each  of  the  results  upon  the  air-dried 
sample  was  multiplied  by  the  fraction  the  air-dried  coal  formed  of  the 
original  coal  and  then  (in  the  proximate  analyses)  the  percentage  loss 
on  air  dr3"ing  was  added  to  the  figure  for  moisture  so  obtiiincd. 

In  the  case  of  an  ultimate  analysis  the  figures  so  obtained  for  the 
oxygen  and  the  hydrogen  were  each  increased  by  amounts  equivalent 
to  the  oxygen  and  h3'drogen  represented  by  the  loss  on  air  drying 
when  considered  as  water. 

METHODS  OF  ANALYSIS. 

The  methods  of  analysis  were  essentially  those  recommended  by  the 
committee  of  the  American  Chemical  Society.  The  moisture  was 
determined  by  drying  the  weighed  sample  for  one  hour  in  an  air 
bath  at  105^  C.  The  calorific  value  was  determined  in  the  Mahler 
bomb  calorimeter.  The  actual  value  of  the  result  in  the  calorimeter 
was  corrected  for  the  sulphuric  acid  formed  in  the  bomb. 

In  calculating  the  calorific  value  from  the  ultimate  analysis  the 
calorific  values  of  hydrogen,  carbon,  and  sulphur  were  taken  as, 
respectively,  34,460,  8,080,  and  '2,250  calories. 

PERSONNEL. 

Mr.  E.  E.  Somerineier,  of  the  department  of  nu^tallurgy  of  the  Ohio 
State  University,  was  chief  chemist  and  had  immediate  charge  of  the 
laboratory  at  the  testing  plant.  The  assistant  chemists  emploj^ed  in 
the  laboratory  were  Mr.  F.  M.  Stanton,  Mr.  »fohn  II.  Crawford,  jr., 
and  Mr.  G.  A.  Burrell.  Mr.  F.  A.  Bryan  was  employed  in  collecting 
the  car  samples  and  washery  samples  at  the  plant. 

ANALYSES  OF  MINE  AND  LABORATORY  CAR  SAMPLES. 

The  following  table  gives  in  a  condensed  form  the  analyses  of 
"mine"  and  *' laboratory  car"  samples  arranged  according  to  States: 
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Analt/ses  ofviive  and  InhoraUn^j  car  samples  of  coal. 


Alabama  No.  1. 


Alabama  No  2. 


Mine 

sample 

B. 


Mine 

sample 

A. 


Labora- 
tory VAT 
sample. 


laboratory  sample  No 1077 


LosH  of  moisture  on  air  drying 

Analptfu  of  air-dried  mmjUf. 

Moisture 

Volatile  matter 

Fixed  carbon 

r  A.sh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

I  Oxygen 

Calorifle  value  determined: 

Calories 

British  thermal  units 

Calorific  value  wikulated  fnjm  ultimate 
analysis: 

Calories 

British  thermal  units , 


as 

a 

& 

0U, 


s 


Annlygim corredrd  (o  sfuinplc  uf  rcct'ivaL 


B  f  Moisture 

e3 


2 
a. 


Volatile  matter 
Fixed  carbon  .. 
j  Ash 


o 


(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  iniits.. 


1.22 
HI .  -):\ 
•>l.44 
12.81 

0.71 


('uloritie  value  calculated  from  ultimate 
Hualysis: 


Calorics 

British  thermal  units 


1078 


1.3.'> 
31.67 
nS.  3o 
13. 6;^ 

0.71 


7,217 
12,991 


1201 


0.80 


1.55  j, 
32.10  |. 
5:i.71  I, 
12.64  '.. 

0.73  '. 

4.W  . 
72.16    , 

l.W)  ', 

7.K.->    , 


7.  IIW 
12,958 


7.218 
12, 992 


2.:i4 
31.84 
53.28 


Mine 

sample 

A. 


1075 


Mine 

sample 

B. 


1076 


Labora- 
tory car 
sample. 


2. 25 
35. 70 
53.01 


2. 42 
34.83 
51.62 


1225 


0.80 


2.58 
33.15 
51.74 
12.53 

1.02 

4.79 
69.24 

1.55 
10.87 

6,91G 
12,449 

6,799 
12,238 

3.36 
32.86 
51.33 


12. 54 
0.72 
5. 01 

9.04 
1.09 

11.13 
1.10 

12.43 
1.01 
4.84 

71.58 

68.69 

1.('h"> 

1.54 

8.50 

11.49 

7,142 
12,856 

7,160 

7,296 
13,138 

7,053 
12,695 

6,861 
12,350 

6,745 

12,888 

12, 1 11 
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AiuUy9eg  of  mine  and  laboratory  car  sampler  of  coal — Continued. 


Laboratory  .sample  No 


a 


s 


Lo«H  of  moisture  on  air  drsring 

Analytia  of  <Ur-dried  mmple. 

Moistnre 

Volatile  matter 

Fixedcarbon 

I  [  (ABh 

(Salphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

Britiab  thermal  units 

Calorific  value  calculated  from  ultimate 
analyalfl: 

Calories 

British  thermal  units 


Arkansas  No  I. 


Mine 

sample 

B. 


1045 


Analysis  corrected  to  sample  as  received. 


B 


S 


(  Moisture 

Volatile  matter 

Fixedcarbon 

I  [  fAsh 

(.Sulphur ' 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


1.02 

17.88 

73.61 

7.49 

1.10 


K,01» 
14,434 


Mine 

sample 

A. 


1046 


0.75 

18.50 

73.77 

6.98 

1.15 


Labora- 
tory car 
sample. 


1114 


2.10 

1.17 

17.88 

68.12 

12.88 

1.27 

4.00 

75.68 

1.47 

4.70 

7,460 
13,410 

7,319 
13,174 

3.24 

17.46 

66.69 

12.61 

1.24 

4.15 

74.09 

1.44 

6.47 

7,2W 
13, 129 

7,165 
12,897 


ArkaiiHas  No.  2. 


Mine 

sample 

B. 


1049 


Mine 

sample 

A. 

1053 


0.95 

18.70 

73.38 

6.97 

2.12 


7,993 
14,387 


0.78 

16.60 

73.53 

9.09 

2.50 


Labora- 
tory car 
sample. 


1160 


LdO 

0.74 

16.26 

73.66 

9.34 

1.90 

4.13 

80.08 

1.40 

3.20 

7,766 
13,961 

7,794 
14,029 

2.23 

16.02 

72.55 

9.20 

1.87 

4.24 

78.88 

1.38 

4.48 

7,639 
13,750 

7,677 
13,819 


3uU.  ^6l-Q5 '4 
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Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  Bample  No 


i^ 


Loss  of  moisture  on  air  drying 

AnaJty9i8  of  air-dried  tample. 

f  Moisture 

Volatile  matter 

„    Fizedcarbon 

£      fAsh 

'  tsulphar 

Hydrogen *.... 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analy&is: 

Calories 

British  thermal  units , 


Arkansas  No.  3. 


Mine 
sample 


1U6 


0.80 

0.81 

17.64 

73.68 

7.97 

1.43 


Analysis  corrected  to  sample  as  received. 


S 


H 


(  Moisture 

Volatile  matter 

Fixed  carbon 

I  [  fAsh 

f  tsulphur 

Hydrogen 

Carbon 

Nitrogen 

tOxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


7,931 
14,275 


1.60 

17.40 

73.09 

7.91 

1.42 


Mine 

sample 

B. 


7,868 
14, 162 


1118 


0.80 

0.84 
16.81 
69.59 
12.76 

1.47 


1.68 
16.68 
69.03 
12.66 

1.46 


Labora- 
tory car 
sample. 


1296 


1.40 


0.80 

19.76 

67.65 

11.80 

1.80 

4.07 

76.87 

1.65 

4.91 

7,586 
13,655 

7,393 
18,807 

2.19 

19.47 

66.71 

11.68 

1.28 

4.17 

75.31 

1.53 

6.08 

7,480 
13,464 

7,289 
13,120 


Arkansas  No.  5. 


Mine 

sample 

A. 


1180 


0.70 


0.68 

14.87 

77.45 

7,00 

1.58 


8,017 
14,431 


1.38 

14.76 

76.91 

6.95 

1.52 


7,961 
14,380 


Mine 

sample 

B. 


1131 


1.30 


0.51 

15.19 

76.94 

7.36 

1.97 


Labora- 
tory car 
sample. 


1.80 

15.00 

75.94 

7.26 

1.94 


1331 


1.10 


1.28 

12.82 

73.69 

12.21 

2.01 

3.74 

77.29 

1.89 

3.86 

7,448 
13.406 

7,434 
13,381 

2.36 

12.68 

72.88 

12.08 

1.99 

3.82 

76.44 

1.87 

4.30 

7,866 
13,259 


7,353 
13,235 
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Analtfses  of  mine  and  laboratory  car  aamples  of  coal — Continued. 


LAboratory  sample  No 


Loss  of  moisture  on  air  drying. 


Anaiytit  qf  air-dried  tamj^. 


Si 

B 


Moisture 

Volatile  matter - 

Fixed  carbon 

I  [  (Ash 

'  (Sulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate  analsrsis: 

Calories 

British  thermal  units 


2 


AnalyaU  eorrtded  to  mmple  as  received. 

Moisture 

Volatile  matter 

Fixed  carbon 
I      (Ash 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate  analysis: 

Calories 


2 

a 


Arkansas 
No.  6. 


Colorado  No.  1. 


Laboratory 

car 

sample. 


1542 


8.00 

0.82 
14.32 
70.62 
14.24 

1.80 


Mine 

sample 

B. 

1383 


3.80 
13.89 
68.50 
13.81 

1.26 


British  thermal  units 


8.90 

16.77 

35.18 

44.29 

3.76 

0.54 


6,918 
10,652 


20.02 

33.81 

42.66 

3.61 

0.62 


6,6«7 
10,287 


Mine       Laboratory 
sample  car 

A.         I    Simple. 


1397 


4.00 


18.58 

36:42 

42.38 

3.62 

0.48 


21.84 

34.00 

40.68 

3.48 

0.46 


1623 


6.00 


13.49 

37.11 

43.03 

6.37 

0.58 

5.76 

6L13 

1.22 

24.95 

5,996 
10,791 

5,859 
10.546 


18.68 

34.88 

40.45 

6.99 

0.55 

6.07 

67.46 

1.15 

28.78 

6,635 
10,143 

6,507 
9,913 
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Analyses  of  mine  and  liiboratory  car  samples  of  coal — Continued. 


Illinois  No.  1. 


Mine 

sample 

A. 


Laboratory  sample  No I      1095 


Loss  of  moisture  on  aiiMlrylnR. 
Analysis  qf  air-dried  sample. 


S 

0^ 


5 


Moisture 

Volatile  matter 

Fixed  carbon 

rAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Caloriflc   value    determined: 

Calories 

British  thermal  units 

Caloriflcvaluecalculated  from 
ultimate  analysis: 

Calories 

British  thermal  units 


4.40 

7.08 
41.12 
41.00 
10.80 

4.41 


Mine 

sample 

B. 


6,621 
11,738 


Analysis  corrected  to  sample  as 
received. 


Moisture 

Volatile  matter 

Fixed  carbon 

rAsh 

ISulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Colorific  value    determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from 
ultimate  analysis: 

Calories 

British  thermal  units 


11.17 
39.31 
39.20 
10.32 
4.22 


6,235 
11,223 


1096 


3.20 


7.09 
41.66 
40.85 
10.40 

4.17 


10.06 
40.33 
89.54 
10.07 
4.04 


Labora- 
tory car 
sample. 


1261 


8.70 


6.28 
88.92 
41.08 
18.72 

4.25 

5.09 
62.01 

1.07 
13.86 

6,360 
11,448 


6,263 
11,278 


9.75 
37.48 
39.57 
13.20 

4.10 

5.31 
59.72 

1.08 
16.64 

6,125 
11,025 

6,081 
10,856 


IllinoU 
No.  2. 


Labora- 
tory car 
sample. 


1152 


7.10 


5.31 
34.29 
36.24 
24.16 

4.30 

4.57 
54.06 

0.78 
12.13 

5,471 
9,848 

6,516 
9,929 


12.03 

31.86 

33.67 

22.44 

4.00 

5.04 

50.22 

0.72 

17.58 

5,063 
9,149 

5,124 
9,223 


lUinois  No.  3. 


Mine 

sample 

A. 


1170 


1.50 

6.00 

32.16 

54.49 

7.26 

1.00 


6,966 
12.566 


7.50 

31.68 

53.67 

7.16 

0.99 


6,881 
12,886 


Mine 

sample 

B. 


1171 


1.80 


5.63 

84.93 

51.78 

7.67 

2.06 


7.34 

34.29 

50.84 

7.53 

2.04 


Labora- 
tory car 
sample. 


1818 


2.70 

6.96 
30.29 
52.16 
11.69 

1.77 

4.92 
67.30 

1.43 
12.99 

6,724 
12,103 


6,615 
11,907 


8.50 
29.47 
60.76 
11.28 

1.72 

6.09 
65.48 

1.39 
15.04 

6,542 
11,776 

6,436 
11,585 
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Analyses  of  mine  and  laboratory  car  samples  of  and — Continued. 


Laboratory  sample  No. 


3.20 


<6 
H 


2 

OS 

S 


12.28 

32.02 

38.03 

7.67 

0.86 


Loss  of  moiiiture  on  air-drying 

AnaiyHs  qf  air-dried  iampte. 

Moisture 

Volatile  matter 

Fixed  carbon 

rAah 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units |      11,620 

Caloriflcvalue  calculatedf  lom 
ultimate  analysis: 

Calories 

British  thermal  units 


Illinois  No.  4. 


Mine 

sample 

A. 


Mine 

sample 

B. 


1341 


6,400 


Analysis  corrected  to  sample  as 
received. 


2 


2 


«  rMolsture 

Volatile  matter 

Fixed  carbon 

f  Ash 

i  Sulphur 

Hydrogen 

Carbon 

Nitrogen    

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from 
ultimate  analysis: 

Calories 

British  thermal  units 


16.09 

31.00 

46.49 

7.42 

0.83 


6,195 
11.151 


1342 


3.00 


11.77 

33.18 

46.97 

9.08 

1.57 


14.42 

32.18 

44.69 

8.81 

1.52 


Labora- 
tory car 
sample. 


1417 


1.70 

11.40 

32.45 

44.80 

11.85 

L84 

5.88 

61.79 

1.17 

18.52 

6.106 
10,991 

6,062 
10,912 


12.91 

31.90 

43.65 

11.64 

1.32 

6.48 

60.74 

1.16 

19.72 

6,002 
10.804 

6,959 
10,726 


Illinois 
No.  5. 

Labora- 
torj'car 
sample. 


1666 


12.60 

6.16 
34.98 
40.67 
19.19 
3.76 
4.69 
68.02 


6,917 
10,661 


17.02 
30.60 
35.59 
16.79 
3.29 
6.60 
50.77 


6,177 
9,319 


Illinois  No.  6. 


Mine 

sample 

A. 


1449 


6.60 

9.84 

36.86 

44.96 

8.34 

3.82 


6,483 
11,669 


14.89 

34.80 

42.44 

7.87 

3.61 


6,120 
11,016 


Mine 

sample 

B. 

1450 


4.00 

10.35 
85.85 
42.94 
1L86 
8.95 


Labora- 
tory car 
sample. 


13.94 
33.93 
41.22 
10.91 
3.79 


1567 
9.80 

5.18 
82.68 
47.46 
14.78 

4.45 

4.88 
60.51 

1.23 
14.20 

6,199 
11.168 


6,059 
10,906 


14.43 

29.48 

42.81 

18.28 

4.01 

5.49 

54.59 

1.11 

21.52 

5,691 
10,064 

6,465 
9,837 
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Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  sample  No 


I 

I 


LoRsof  moisture  on  air  drying 

Analyeis  of  air-dried  sample. 

Moisture 

Volatile  matter 

Fixed  carbon 

jAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calorics 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


s 


Analysis  correded  to  sample  as  received. 

( Moi^ure 

Volatile  matter 

w    Fixed  carbon 

fi      rAsh 

I  Sulphur 

H  ydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


Indiana  No.  1. 


Mine 

sample 

B. 


1410 


8.70 


4.96 
89.22 
45.76 
10.04 

2.06 


6,912 
12,442 


18.26 

85.81 

41.78 

9.16 

1.87 


6,811 
11,860 


Mine 

sample 

A. 


1412 


5.60 


6.26 
37.10 
46.46 
10.19 

1.02 


11.50 

85.02 

43.86 

9.62 

0.96 


Labora- 
tory car 
sample. 


1607 


3.00 


8.66 
84.86 
42.67 
18.81 

2.58 

6.20 
62.20 

1.22 
14.99 

6,886 
11,405 

6,281 
11,216 

11.40 

88.81 

41.89 

13.40 

2.50 

5.87 

60.84 

1.18 

17.21 

6,145 
11,061 

6,044 
10,879 


Indiana  No.  2. 


Mine 

sample 

B. 


1425 


2.80 


6.67 

4a  68 

48.19 

9.61 

4.57 

• ••■•■•••• 


6,744 
12,189 


9.28 

38.40 

41.96 

9.84 

4.44 


6,555 
11,799 


Mine 

sample 

A. 


1426 


8.10 


7.45 

89.80 

44.48 

8.82 

8.62 


10.82 

86.06 

48.05 

8.55 

8.51 


Labora- 
tory car 
sample. 


1495 


3.60 


6.24 
87.49 
42.76 
18.51 

4.60 

5.11 
62.97 

L25 
12.66 

6,410 
11,586 

6,411 
11,540 

9.62 
36.14 
4L22 
18.02 

4.48 

5.88 
60.70 

L20 
15.82 

6,179 
11,122 

6,180 
11,124 
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Analyses  of  mine  and  laboTatorij  car  samples  of  coal — Continued. 


Laboratory  Hunple  No. 


Loss  of  molBtare  on  air  drying. 


Analyaia  qf  air-dried  sample. 


a 

13 

5 


Moistare 

Volatile  matter 

Fixed  carbon 

jAih 

•  (Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

Bri  tiflh  thermal  uni  ts 

Calorific  Talue  calculated  from  ultimate 
analyaiB: 

Calories 

British  thermal  units 


Indian  Territory  No.  1. 


Mine 

sample 

B. 


10(V9 


5.00 

4.07 

36.65 

50.20 

9.06 

1.71 


Analysis  wrreded  to  sample  cu  received. 


S 

a 


5 

tf 


Moisture 

Volatile  matter 

-     Fixed  carbon  .  ^ 

£      /Ash 

'  tsulphur 

Hydrogen 

J  •  Carbon 

5    Nitrogen 

[Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculaled  from  ultimate 
analysis: 

Calories 

British  thermal  units 


7,073 
12.731 


8.87 

84.82 

47.68 

8.63 

1.62 


6,720 
12,096 


Mine 

sample 

A. 


1060 


3.10 


3.79 

37,41 

52.94 

5.86 

1.40 


6.77 

36.25 

51.30 

5.68 

1.36 


Labora- 
tory car 
sample. 


1188 


8.30 


8.87 
35.73 
50.05 
10.35 

1.99 

5.14 
69.85 

1.29 
11.38 

7,011 
12,620 

6,971 
12,548 

7.04 
34.55 
48.40 
10.01 

1.92 

5.34 
67.56 

1.25 
13.93 

6,779 
12,202 

6,740 
12.182 


Indian  Territory  No.  2. 


Mine 

sample 

B. 


1071 


1.46 

39.04 

53.10 

6.40 

1.88 


7,800 
14,040 


Mine 

sample 

A. 


1073 


1.30 

38.90 

52.15 

7.65 

1.58 


Labora- 
tory car 
sample. 


U84 


2.80 


1.70 

37.19 

49.79 

11.82 

1.66 

5.00 

71.49 

1.72 

8.91 

7,205 
12,969 


7,152 
12,874 


4.45 
86.15 
48.40 
11.00 

1.62 

6.17 
69.49 

L67 
n.l5 

7,001 
12,607 

6,958 
12,514 
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PRELIMINARY   REPORT  ON   COAL-TESTING    PLANT.    Ibull.2c1. 


Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  sample  No. 


Low  of  moisture  on  air  drying. 


Indian  Territory  No.  3. 


Mine 

sample 

B. 


1079 


Si 

s 

& 


a 


Analy$is  qf  air-dried  sample. 

r  Moisture 

Volatile  matter 

Fixed  carbon 

t  Ash 

( Sulphur 

H  ydrogen 

Carbon 

Nitrogen 

I  Oxygen 

Calorific  value  determined: 

Calories 

Britifth  thermal  nnits 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


AneUysis  corrects  to  9ample  (u  received. 

Moisture , 

Volatile  matter 

^     Fixed  carbon 

fi      I  Ash 

t  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

I  Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

('aloriflc  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


5 

K 


B 


2.97 

40.43 

48.22 

8.38 

3.05 


Mine 

sample 

A. 


1080 


2.93 
39.02 
47.7ft 
10.30 

3.73 


6,995 
12.ft91 


Labora- 
tory car 
sample. 


1274 


1.20 

3.46 
37.45 
47.82 
11.28 

3.67 

4.85 
68.18 

L60 
10.62 

6,927 
12,469 

6,810 
12,258 

4.61 
37.00 
47.25 
11.14 

3.63 

4.92 
67.37 

1.48 
11.46 

6.844 
12,319 

6,728 
12,110 


Indian  Territory  No.  4. 


Mine 

sample 

A. 


1150 


1.60 


3.75 
38.15 
45.77 
12.38 

3.83 


6.29 
37.64 
46.04 
12.13 

3.77 


Mine 

sample 

B. 


1151 


1.90 


4.69 

89.76 

46.06 

9.49 

3.74 


6,706 
12.071 


6.50 

89.01 

45.18 

9.31 

3.67 


6,579 
11,842 


Labora- 
tory car 
sample. 


1470 


1.40 


4.91 
37.79 
43.90 
13.40 

4.02 

4.84 
68.21 

1.38 
13.15 

6,827 
11,389 

6.800 
11,340 

6.24 
87.26 
43.29 
13.21 

3.96 

4.93 
62.34 

1.36 
14.20 

6,238 
11,228 

6,212 
U,182 
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Analyseft  of  mine  and  laboratory  car  samples  of  coal — Continued. 
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Ind.  Ter. 
No.  6. 


Laboratory 
car  sample. 


Laboratory  mmple  No. 


Ltmm  of  moisture  on  air  drj'ing 

AruUyn*  of  air-dried  sample. 


9 

a 

a. 


Moisture 

Volatile  matter 

Fixed  carbon 

rAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

tOxygen 

Calorific  value  determined: 

Calories 

BritiHh  thermal  units 

calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


73 


9i 


X^ 


Analytig  corrected  to  tamfU  cm  received. 

( Moisture 

Volatile  matter 

Fi  X  ed  carbon 

rAsh 

t  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen , 

Calorific  value  determined: 

Calories , 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories , 

British  thermal  units 


5 

s 

•a 
B 


1481 


2.70 


6.74 
31.46 
37.06 
26.75 

4.06 

4.18 
52.39 

L22 
12.40 

5,201 
9,362 


5,231 
9,416 


8.29 
30.61 
36.06 
25.05 

3.95 

4.87 
50.98 

1.19 
14.46 

5,061 
9,110 

5.090 
9,162 


Ind.  Ter. 
No.  6. 


Laboratory 
car  sample. 


1596 


8.50 


4.69 
32.41 
42.91 
19.99 

8.32 


8.03 
8L28 
41.40 
19.29 

3.20 


Iowa  No.  1. 


Mhic  sam- 
ple B. 

1270 


7.90 


3.74 
41.96 
42.89 
11.41 

5.12 


Mine  sam- 
ple A. 


6,813 
12,317 


11.35 
38.65 
39.49 
10.51 
4.72 


6,303 
11,345 


1271 


8.00 


4.43 
40.52 
41.65 
13.40 

5.42 


12.07 
87.28 
38.32 
12.33 
4.99 


Laboratory 
car  sample. 


1847 


3.20 


5.21 
31.76 
46.51 
16.52 

5.20 

4.61 
61.80 

0.97 
10.90 

6,329 
11,392 

6,230 
11,214 

8.24 
30.74 
45.02 
16.00 

5.08 

4.81 
59.82 

0.94 
13.40 

6,126 
11,027 

6,0S1 
10,866 
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PRELIMINARY    REPORT   ON    COAL-TESTING    PLANT,     [bull.  «!. 


Analyses  of  mine  and  laboratartf  car  samples  of  coal — Continued. 


Laboratory  sample  No 


Loss  of  moisture  on  air  drying. 


Analytis  qf  air-dried  sample. 

Moisture 

Volatile  matter 

P     Mxed  carbon 

£      J  Ash 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorilic  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


•a 


2 

a 

B 


i 

•a 
p 


AruityHs  correded  to  sample  as  received. 

Moisture 

a     Volatile  matter 

g  '  Fixed  carbon 

£      jAsh 

'  tsulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


Iowa  No.  2. 


Iowa  No.  3. 


Mine 

sample 

B. 


121)9 


9.ao 


7.00 
40.66 
89.62 
12.83 

6.49 


6,302 
11,344 


15.66 
36.87 
86.84 
11.64 
5.10 


5,716 
10.289 


Mine 

sample 

A. 


1291 


9.50 


6.63 
40.82 
42.40 
10.16 

5.74 


15.60 

36.94 

88.37 

9.19 

5.19 


Labora- 
tory car 
sample. 


1570 


10.40 


4.25 
37.02 
41.74 
16.99 

5.20 

4.84 
60.36 

1.46 
11.15 


6,212 
11,182 

6,188 
11,129 

14.21 

33.17 

87.40 

16.22 

4.66 

5.50 

54.06 

1.31 

19.23 

5,566 
10,019 

5,540 
9,972 


Mine 

sample 

B. 


1312 


9.60 


6.88 
41.82 
40.69 
12.16 

6.52 


6,539 
11,770 


14.42 
37.81 
36.78 
10.99 
5.89 


5,911 
10,640 


Mine 

sample 

A. 


1813 


11.00 


5.51 
42.04 
88.56 
13.90 

7.59 


15.90 
87.42 
84.41 
12.87 
6.76 


Labora- 
tory car 
sample. 


1434 


9.80 

4.52 

40.96 

38.99 

15.68 

.    6.83 

4.93 
60.62 

0.9:; 
11.16 

G,:i09 
11,3.% 


6,271 
11,288 


13.88 

36.94 

35.17 

14.01 

6.16 

5.52 

54.68 

0.84 

18.80 

5,691 
10,244 

6,666 
10,181 
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Analtfies  of  mine  and  laboratory  car  ttamples  of  coal  — Continued. 


Laboratory  sample  No. 


Iowa  No.  4. 


Mine        Mine 

sample  !  sample 

B.       I       A. 


1823 


9.40 


5 


a 


8.63 

39.12 

44.55 

7.80 

4.42 


Loss  of  moisture  on  air  drying ^. 

AnaliftU  qf  air-dried  tampk. 

Moisture 

Volatile  matter 

Fixed  carbon 

£  [  fAsh 

(.Sulphor 

Hydrogen ' 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories ,       6,708 

British  thermal  units '      12,065 

Calorific  value  calculated  from  ultimate  , 
analysis:  I 

Calories ' 

British  thermal  units 


t 


Analyiit  corrected  to  tample  a$  received. 


0. 


Moisture 

Volatile  matter 

Fixed  carbon 

jAsh 

t  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

LOzygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


17.18 

35.44 

40.36 

7.07 

4.00 


6,078 
10,981 


1324 


8.60 

8.25 
88.28 
41.40 
12.12 

5.21 


16.14 
84.94 
37.84 
11.08 
4.76 


Labom* 
tory  car 
sample. 


1487 


4.50 

10.06 

87.27 

41.22 

11.48 

4.46 

5.31 

61.25 

0.94 

16.56 

6,237 
11.227 


6,165 
11.097 


14.08 

35.59 

39.37 

10.96 

4.26 

5.57 

58.49 

0.90 

19.82 

5,957 
10,723 

5,888 
10,596 


Iowa  Nn.  5. 


Mine 

sample 

B. 


18S2 


9.40 

10.25 

85.10 

46.12 

8.58 

2.64 


6,442 
11,.'V96 


18.69 

31.80 

41.78 

7.78 

2.39 


5,836 
10,50fi 


Mine 

iample 

A. 


1888 


7.10 

12.37 

36.98 

42.96 

7.70 

8.34 


18.59 

34.36 

39.90 

7.15 

3.10 


Labora- 
tory car 
flample. 


1483 


6.80 

9.22 
32.71 
44.52 
18.55 

8.42 

5.85 
50.89 

1.22 
16.67 

6,105 
10.989 


6,045 
10.881 


15.89 

80.49 

4L49 

12.68 

8.19 

5.74 

55.81 

1.14 

21.49 

5,690 
1U.242 


5,634 
10,141 
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PRELIMINAHY   REPORT   ON   COAL-TESTING   PLANT,    [bull.  281. 


Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


K 

Mine 

sample 

A. 

ansas  No. 

Mine 

sample 

B. 

1020 

1. 

Labora- 
tory CAT 
sample. 

Kansas  No. 

2. 

Mine 
sample 

Mine 

sample 

B. 

Labora- 
torycar 
sample. 

Loi 

0) 

lK>ralory  sample  No 

1018 

1097 
1.30 

8.74 

33.11 

50.01 

13.14 

4.34 

4.91 

68.22 

1.09 

8.80 

6,891 
12,401 

6,940 
12,492 

4.99 

32.68 

49.36 

12.97 

4.28 

4.98 

67.84 

1.08 

9.35 

6,801 
12,242 

6,850 
12,330- 

1017 

1019 

1122 

w  of  moisture  on  air  di^inip 

2.00 

Analysis  of  air-drml  sample. 
f  Moisture 

2,23 

Volatile  matter 

• 

81.87 

Fixed  carbon 



47.63 

1 

jAflh 

18.27 

[     Sulphur 

6.40 

S 

Hydrogen 

4.56 

2 

Carbon 

1 

63.14 

Nitrogen 

•••••••••• 

0.94 

p 

Oxyiren 

6.69 

Cal 
Cal 

loriflc  value  determined: 
Calories 

6,600 

British  thermal  units 

* 



11,880 

loriflc  value   calculated    from   ulti- 
aate  analysis: 

Calories 

6.528 

British  thermal  units 

11,750 

nalysis  corrected  to  sample  as  received. 
Moisture 

2.91 

85.81 

61.73 

9.65 

3.79 



8.50 

K>.75 

52.83 

7.92 

3.28 

2.44 
35.16 
51.80 
10.60 

5.63 

2.36 
34.62 
51.23 
U.79 

5.88 

4.18 

«' 

Volatile  matter 

81.23 

Fixed  carbon 

46.68 

1 

|Ash 

17.91 

Sulphur 

6.27 

s 

Hydrogen 

4.69 

Carbon i 

61.88 

5 

Nitrogen 

0.92 

Oxygen 

8.83 

Cal 

Cal 

loriflc  value  determined: 
Caloric 

7,193 
12,947 

7,246 
13,043 

6,468 
11,642 

British  thermal  units 

orific   value  calculated    from   ulti- 
aate  analysis: 

Calories 

6,397 

British  thermal  units 

11,515 
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Ancdyses  of  mine  and  lahoraUmf  car  samjyUs  of  coal — Continued. 


Laboratory  sample  No. 


Lofls  of  moisture  on  air-drying, 
AnalytU  of  air-dried  sample. 


KansEA  No.  3. 


Mine 

sample 

B. 


10S6 


Moisture 

Volatile  matter 

Fixed  carbon 

I  [  fAsh 

(.Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from 
ultimate  analysis: 

Calories 

British  thermal  units 


S 
-a 

B 


Mine 

sample 

A. 


1087 


Labora- 
tory car 
sample. 


AfuUysis  corrected  to  sample  as 
received. 


3 


'  Moisture 

Volatile  matter 

Fixedcarbon 

I  [  fAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from 
ultimate  analysis: 

Calories 

British  thermal  units 


2.01 
85.99 
46.85 
15.15 

5.27 


2.54 

35.81 

52.28 

9.87 

4.47 


7,411 
18,340 


1086 


2.50 
38.80 
51.25 


Kansas 
No.  4. 


Labora- 
tory car 
sample. 


1478 


3.50 


3.57 

37.00 

46.80 

12.63 

8.38 

5.04 

65.02 

1.07 

7.91 

6,854 
12,337 

6,839 
12,310 


6.95 
35.70 
45.16 


12.45 

12.19 

5.68 

8.04 

4.91 

5.25 

69.07 

62.74 

1.20 

1.04 

6.69 

10.74 

7,166 

6,614 

12,900 

11,906 

7,111 

6,600 

12,800 

11,880 

Kansas  No.  5. 


Mine         Mine 

sample      sample 

A.  B. 


1411 


8.20 


1.97 

83.68 

55.15 

9.20 

4.48 


7,418 
13,352 


5.11 

32.60  : 

68.39  ! 

8.90  I 

4.84  i 


7,181 
12,926 


1418 


4.80 


1.56 
33.79 
51.54 
13.11 

4.01 


5.79 
32.34 
49.32 
12.55 

3.84 


Labora- 
tory car 
sample. 


1567 


2.30 

L84 

32.40 

54.97 

10.79 

3.86 

4.96 

71.90 

1.09 

7.40 

7,383 
13,199 

7,288 
13,118 


4.10 

3L66 

53.71 

10.54 

8.77 

5.10 

70.25 

L06 

9.28 

7,164 
12.895 

7,121 
12,818 
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Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  sample  No. 


Kentucky  No.  1. 


Mine 

■ample 

A. 


1321 


1.00 


«3 


1.9S 

36.87 

68.18 

8.67 

0.90 


Loes  of  moisture  on  airdrsing 

Analyns  qf  air-dried  tampU. 

Moisture 

J    Volatile  matter 

M  I  Fixed  carbon 

(Ash 

tsulphor 

Hydrogen 

J  <  Carbon 

Nitrogen 

LOxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 14,467 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


8,037 


a 


^ ' 


AneUyeia  corrected  to  aample  ew  received. 

Moisture 

a    Volatile  matter 

H"  Fixed  carbon 

£     jAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


2.91 

36.01 

57.55 

3.53 

0.89 


7,957 
14,822 


Mine 

sample 

B. 


1322 


0.90 


1.03 

87.42 

57.83 

2.82 

0.85 


2.81 

37.08 

57.31 

2.80 

0.84 


Labora- 
tory car 
sample. 


1474 


L20 


L92 
86.56 
67.08 

4.44 

1.24 
5.86 
78.31 
1.85 
8.80 

7,965 
14.819 

7,823 
14,081 

8.10 

86.12 

56.89 

4.39 

L22 

5.43 

77.37 

L83 

9.76 

7,860 
14,148 

7,729 
13,912 


Kentucky  No.  2. 


Mine 
sample 


I 


1366 


2.90 


5.76 

89.19 

47.74 

7.31 

3.68 


7,063 
12,713 


8.49 

38.05 

46.86 

7.10 

8.53 


6,858 
12,844 


Bflne 

sample 

B. 


1866 


2.60 

5.84 
88.61 
45.56 
10.49 

4.81 


7.80 
37.60 
44.88 
10.22 

4.20 


Labora- 
tory car 
sample. 


1461 


2.70 

5.36 

88.99 

46.27 

9.88 

8.72 

6.88 

67.64 

L25 

12.68 

6,966 
12,689 

6,840 
12,812 

7.91 

87.94 

45.02 

9.18 

8.62 

5.48 

65.81 

1.22 

14.74 

6,778 
12,200 

6,655 
11,979 
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Analysed  of  mine  and  laboratory  txir  samples  of  coal — Continued. 


Laboratory  nunple  No 


LooB  of  moisture  on  air  drying. 


AnaiytU  qf  air-dried  tample. 


'Moisture 

Volatile  matter 

^    Fizedcarbon 

£      rAsh — 

'  \  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


Analytis  eorreeUd  to  tampie  cm  received. 


2 

a 


s 

eft 


r  Moisture 

Volatile  matter 

Fixedcarbon 

£      rAsh 

t  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


Kentucky  No.  8. 


Mine 

sample 

A. 


1361 


3.30 

6.00 

37.46 

48.23 

8.32 

8.07 


9.10 

36.21 

46.64 

8.05 

2.97 


Mine 

sample 

B. 


1367 


2.20 


6.91 

38.39 

46.19 

9.51 

4.12 


6,797 
12,236 


7.98 

37.55 

46.17 

9.80 

4.03 


6,647 
11,965 


Labora- 
tory car 
sample. 


1506 


2.20 

6.86 
86.90 
46.96 
10.29 

8.60 

5.27 
66.76 

1.48 
12.66 

6,829 
12,292 

6.746 
12,148 

7.92 
86.09 
45.98 
10.06 

8.52 

5.39 
65.29 

1.40 
14.84 

6,679 
12,022 


6,598 
11,876 


Kentucky  No.  4. 


Mine 

sample 

B. 


1382 


2.60 


2.06 

39.19 

51.16 

7.60 

3.42 


7,836 
13,206 


4.61 

38.17 

49.82 

7.40 

8.38 


7,146 
12,861 


Mine 

sample 

A. 


1884 


2.00 


2.82 

40.58 

49.50 

7.15 

8.28 


4.76 

39.72 

48.51 

7.01 

3.21 


Labora- 
tory car 
sample. 


1539 


2.80 


2.64 

86.08 

46.79 

14.59 

4.67 

4.53 

66.60 

1.28 

8.43 

6,830 
12,294 

6,677 
12,019 

5.27 
85.07 
46.48 
14.18 

4.64 

4.71 
64.65 

1.24 
10.68 

6,689 
11,950 


6,490 
11,682 
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PRELIMINARY   REPORT   ON    COAL-TESTING    PLANT,     [bull.  261. 


Afialyses  of  mine  and  laboratory  car  samplen  of  coid — Continued. 


Laboratory  sample  No 


Loss  of  moisture  on  air-drying . 
AnalyiU  of  air-dried  sample. 


'Moisture 

Volatile  matter 

^    Fixed  carbon 

£     jAsh 

ISulphur 

Hydrogen 

Carbon 

Nitrogen 

, Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated 
from  ultimate  analysis: 

Calories 

British  thermal  units 


Analygis  corrected  to  sample  as 
received. 


r  Moisture 

Volatile  matter 

^    Fixed  carbon 

£     jAsh 

ISulphur 

Hydrogen , 

Carbon , 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated 
from  ultimate  analysis: 

Calories 

British  thermal  units 


Missouri  No.  1. 


Mine 

sample 

A. 


1041 


4.80 
88.10 
42.93 
14.17 

5.36 


Mine 

sample 

B. 


1043 


Labora- 
tory car 
sample. 

1126 


4.92 
38.28 
42.28 
14.52 

5.34 


6,662 
11,992 


5.00 

3.50 

35.35 

40.77 

20.38 

5.53 

4.64 

60.00 

0.99 

8.46 

6,191 
11,144 

6,206 
11,171 


A.  83 
83.58 
38.73 
19.36 

6.25 

4.97 
67.00 

0.94 
12.48 

5.881 
10,586 


5,896 
10,618 


Missouri  No.  2. 


Mine    '     Mine 
sample  I  sample 
B. 


1226 


6.20 

9.10 

41.07 

41.53 

8.30 

4.04 


6.625 
11,925 


14.74 

38.63 

38.95 

7.78 

3.79 


6,214 
11,185 


1227 


5.00 

8.31 
38.47 
42.00 
11.22 

4.03 


12.90 
36.54 
39.90 
10.66 
3.83 


Labora- 
tory car 
sample. 


1848 


2.60 


9.14 
84.58 
39.02 
17.81 

5.80 

4.96 
66.25 

0.99 
16.19 

6,806 
10,461 

6,719 
10,294 


n.50 

88.68 

88.01 

16.86 

5.16 

5.12 

54.79 

0.96 

17.11 

5,655 
10,179 

5,570 
10,026 


Missouri 
No.  3. 


Labora- 
tory car 
sample. 

1649 


10.80 

5.51 
32.08 
39.11 
28.30 

4.13 

4.62 
64.79 

0.92 
12.34 

5,606 
9,911 

6,547 
9,986 


16.71 

28.62 

34.89 

20.78 

3.69 

6.23 

48.87 

0,82 

20.61 

4,911 
8,840 

4,948 
8,906 


WORK   OF   CHEMIOAL    LABOBATOKY. 
Anidyta  <(f  mine  and  laboratory  car  tampUt  of  and — Coatinned. 


lllnourlNo.t.              """""* 

NewMBjlcoNo.l. 

Ulue 
•ample 

Mine     1  Labon- 
■ample  '  torycar 

«Sp™' 

Mine 

LabDia- 

«Sp*l^' 

La 

' 

izw 

1  = 

10» 

1    ITT. 

y      p 

' 

Lvnf          Irtn                 t    rtrH 

'        ^„„          ,  ^ 

2.20 

88.70 

1.78 
80.41 

i.se 

30.00 

180 

' 

HflMte  qfair-driBt  Mnpfri. 

«.43 

«l.73 
4i.» 

7,4« 

4.M  1         5.SS 
«.71  1        44.ftl 

1 

4S.W 

s 

72. 4B 

i 

Cb. 

13,SB2 

Cb 

Brillih  thermal  unlta 

oriflc  valaendculMcd  from 

11,1)99  l     io.Tn 
7,fiM       s,sn 

6.277 

11.  a» 

noiiini  eomdtd  la  lampte 

87.72 

41.11 

•.IG 

Filed  carbon 

41.««          .2.«          *...!          42.W           4«.M 

SK            178           OM            Oi2             OS 

i 

««!  «» 

i 

5 

o.w 

fl.»37 
12.4S7 

6,W« 

l.tl 

10,B39 

s,7a« 

10.880 

Ca. 

oriflc  vsloe  determined: 

6,447 
ll,8af> 

8.a« 

Ca. 

BHdBhthennilnnllc 

llimaw  wiHlyrt-T 

Britbh  theimal  uniM 



11  119 
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PBELIMINABY    REPOBT   ON   GOAL-TESTING    PLANT,     [bull.  261. 


Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


New  Mexico  No.  2. 

Mine  sam- 
ple A. 

Mine  sam- 
ple B. 

Mine  sam- 
ple C. 

Mine  sam- 
ple D. 

Laboratory 
car  sample. 

Lai 

boiEtoiT  8aniDl6  No 

1027 

1028 

1029 

1088 

1807 

B 

B0  of  moistiire  on  air  dryliiff 

2.90 

Analysis  of  air-dried  sample. 
r  Moisture 

8.18 

Volatile  matter 

84.82 

Fixed  carbon 

87.88 

II 

jAsh 

19.22 

■  (Sulphur 

1.80 

s 

Hvdroiren 

5.05 

r 

Carbon 

56.71 

s 

Nitrogen 

0.98 

ij 

Oxyeen 

16.74 

Ca] 

Cal 

a 

S 

00 

s 

lorillc  value  determined: 
Calories 

5,668 

British  tbemiRl  iinltA. 

10,202 

lorific  value  calculated  from  ultimate 
.nalyais: 

CalorieM 

5,681 

British  thermal  units 

10,186 

[nalygis  corrfded  to  sample  as  received. 
f  Moisture 

9.18 

40.77 

40.23 

9.87 

1.27 

9.68 

41.42 

40.82 

8.08 

1.55 

9.40 
40.05 
87.87 
12.68 

0.84 

10.80 

40.85 

42.77 

6.06 

1.0& 

10.79 

Volatile  matter 

88.82 

Fixed  carbon 

86.73 

11 

/Ash 

18.66 

1.26 

S 

Hvdroiren 

5.22 

§. 

Carbon 

65.07 

3 

NitTOfiren 

0.95 

Oxvflren 

18.84 

Gal 

Ca] 

a 

lorific  value  determined: 

6,467 
11,628 

5,504 

British  thermal  units 

9,907 

.nalysis: 
Calories         

5,468 

British  thermal  units 

9.M2 

WOKK    Oil'   CHEMICAL    LABORATORY. 
Aiutty»e»  of  ini'iw  and  liiboraliiTg  mr  mmfila  uf  ami — Cuiitiiinuil. 


Steam     |     Hteam    !  Labonilory 


LoM  of  m^Mnn  ou  Kl^diTlng 

AniUtttiitfairiMliI  tampU. 


i/kib 

iBnlpbar 

Klttog«n 

VbIoHAc  vdlae  det^rmlDed: 

CnloriM  

brillsh  Lfaenn&l  units 

CftlorlBc  nJng  adealated  from  oltliiute 

GiloilM 

HritLOi  thenaul  UDlli 


SS.73 
SS.61 
11.24 


1  Fixed  cubon... 


CalorUeralnc 
Calorie*.. 
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PRELIMINARY    REPORT    ON    COAL-TESTING    PLANT,     [bull.  261. 


Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  sample  No. 


Loss  of  moisture  on  air  drying. 


Analysit  qf  air-dried  sample. 


5 


B 


Moisture 

J     Volatile  matter 

g  '  Fixed  carbon 

£      jAsh 

( Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen ". 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Ca  lories 

British  thermal  units 


00 


Analysis  corrected  to  aample  as  receivetL 

5  fMoisture 

3     Volatile  matter 

g  '  Fixed  carbon 

fi      jAsh 

'  tsulphur 

Hydrogen 

^  "  Carbon 

5     Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


Texas  No.  1. 


Mine 

sample 

B, 


1196 


14.40 


21.26 
43.26 
22.86 
12.  A6 
0.66 


32.58 
37.02 
19.56 
10.84 
0.66 


Mine 
sample 


1196 


16.80 


20.66 
47.20 
19.41 
12.84 
0.67 


4,741 
8.684 


33.50 
39.60 
16.25 
10.76 
0.56 


3.968 
7,142 


Labora- 
tory car 
sample. 


1466 


24.60 


13.40 

42.75 

29.00 

14.86 

1.04 

5.57 

62.06 

0.96 

26.53 

5,199 
9,868 

5,046 
9.083 

34.70 

32.23 

21.87 

11.20 

0.79 

6.93 

39.25 

0.T2 

41.11 

3,920 
7,a'J6 

3,8a5 
6,849 


Texas  No.  2. 


Mine        Mine 

sample     sample 

A.       1       B. 

Gas-pro- 
ducer 
sample. 

1241      1      1248 

1697 

6.80 


4,716 
8,489 


28.86 

35.96 

27.26 

7.92 

0.60 


4,442 
7,996 


6.90 


24.48 

27.04 

38.17 

43.76 

28.94 

20.17 

8.41 

9.08 

0.58 

0.61 

31.34 

41.18 

18.98 

8.50 

0.57 


25.80 


10.66 

39.42 

40.11 

9.81 

0.71 

5.28 

57.31 

1.06 

26.83 

6,602 
9,904 

5,352 
9,634 

33.71 

29. -25 

29.76 

7.28 

0.53 

6.79 

42.52 

0.79 

42.09 

4.082 
7,348 

3,975 
7,155 
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Ancdyu9  of  mine  and  laboratory  car  mmples  of  coal — Continued. 


Laboratory  sample  No 


0.40 


S 


1.00 

36.80 

65.50 

6.70 

1.60 


Low  of  moisture  on  air  drying 

AnalytU  qf  aiMiried  tample. 

Moisture 

I    Volatile  matter 

Fixed  carbon 

f  Ash 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

LOxygen 

Calorific  value  determined: 

Calories 

British  thermal  unilB 14,121 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


West  Virginia  No.  1. 


Mine 

sample 

B. 


Mine 
sample 


1068 


1089 


7,845 


Analytis  corrected  to  mmpie  as  received. 


S 


s 


2 
I 

5 


1.40 

36.65 

55.28 

6.67 

1.59 


r  Moisture 

Volatile  matter 

Fixed  carbon 

jAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen | 

Oxygen ■ 

Calorific  value  determined : 

Calories 7,813 

British  thermal  units 14,063 

Calorific  value  calculated  from  ultimate  I 
analysis: 

Calories 

British  thermal  units 


1.35 

37.35 

54.88 

6.42 

1.31 


Labora- 
tory car 
sample. 


0.40 

0.95 

37.50 

55. 10 

6.45 

1.32 


1213 


0.40 

1.35 

36.92 

55.36 

6.37 

0.90 

5.26 

78.31 

1.55 

7.61 

7,869 
14,164 

7,832 
14,098 

1.75 

36.77 

55.14 

6.34 

0.90 

5.28 

78.00 

1.54 

7.94 

7,837 
14,107 


7,800 
14,040 


West  Virginia  No.  2. 


1103 


0.90 


1.09 

40.91 

48.84 

9.16 

4.24 


7,549  ;, 
13.588  i, 


1.98 

40.54 

48.40 

9.08 

4.20 


I 


7,481 
13,466 


1104 


0.80 


1.08 

40.62 

50.13 

8.17 

3.78 


L87 

40.30 

49.73 

8.10 

3.75 


Labora- 
tory car 
sample. 


1306 


0.50 


1.46 

40.14 

50.50 

7.90 

8.50 

5.09 

74.44 

1.37 

7.70 

7,700 
13,860 

7,617 
13,531 

1.95 

39.94 

50.25 

7.86 

3.48 

5.18 

74.07 

1.36 

8.10 

7,661 
13,790 

7,480 
13,464 
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PBELIMINART   REPORT   ON   CO /^L-TE8T1NG   PLANT,    [bull.  261. 


Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  sample  No. 


Loss  of  moisture  on  air  drying. 


S 


AnalyriB  qfair^ryed  mmpU. 

Moisture 

Volatile  matter 

Fixed  carbon 

J  Ash 

tsulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Oeiloriflc  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


•a 
B 


West  Virginia  No.  3. 


Mine 

sample 

B. 


1106 


AruUytis  corrected  to  aample  <u  received. 


Moisture 

Volatile  matter 

Fixed  carbon 

^      (Ash 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Caloric  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


B 


1.60 


1.42 

29.06 

61.19 

6.31 

0.77 


7,863 
14,153 


2.90 

28.64 

60.27 

8.19 

0.75 


7,746 
13,941 


Mine 
sample 


1109 


0.80 

1.42 

29.68 

60.51 

8.39 

0.81 


2.21 

29.44 

60.08 

8.32 

0.80 


Labora- 
tory car 
sample. 


1262 


1.80 


LOO 

30.25 

58.38 

10.37 

L07 

4.91 

76.12 

L44 

6.09 

7,681 
18,736 

7,605 
13,689 

2.29 

29.86 

57.62 

10.23 

L06 

4.99 

76.13 

L42 

7.17 

7,532 
13,558 

7,506 
13,511 


West  Virginia  No.  4. 


Mine 

sample 

B. 


1116 


LIO 


L17 

29.  OS 

61.97 

7.88 

0.86 


7,868 
14,158 


2.26 

28.71 

61.29 

7.74 

0.85 


7,777 
13, 999 


Mine 
sample 

At 


1117 


L20 


L07 

28.88 

61.87 

8.68 

L28 


2.26 

28.68 

60.63 

8.58 

L26 


Labora- 
tory car 
sample. 


1262 


O.GO 


0.98 

28.72 

6L87 

8.43 

0.90 

4.85 

78.21 

L50 

6.11 

7,855 
14,189 

7,750 
18,960 

L48 

28.58 

6L55 

8.89 

0.90 

4.89 

77.82 

L48 

6.52 

7,816 
14,069 

7,711 
18.880 


LOBD.] 


WOBK   OF   CHEMICAL   LABORATORY. 


55 


Analyses  of  mine  and  laborcUory  car  samples  of  coal — Continned. 


Latxtmtory  sample  No . 


Los  of  moiatore  on  air  drying. 


Anaijftis  qfair-dHed  aample. 


S 


S 


fMoistore 

Volatile  matter 

w    Fixedcarbon 

£  I  fAih 

iSnlphnr 

Hydiogen 

Carbon 

Nitrogen 

LOxygen 

Calorific  yalae  determined: 

Caloriee 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


S 


AnalpHt  corrected  to  aample  a»  received. 

S  [Moisture *. , 

g    Volatile  matter 

g  '  Fixedcarbon 

ft      rAsh , 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

.Oxygen 

Calorific  yalue  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


West  Virginia  No.  5. 


Mine 

sample 

A. 


1144 


1.80 


1.04 
80.16 
58.16 
10.64 

1.02 


7,628 
18.721 


73 
5 


2.82 
29.62 
67.11 
10.45 

1.00 


7,486 
18,475 


Mine 

sample 

B. 


1147 


2.30 

0.80 
29.45 
59.24 
10.51 

1.16 


3.08 
28.77 
57.88 
10.27 

1.13 


Labora- 
tory car 
sample. 


1297 


0.80 


0.66 

29.20 

59.97 

10.18 

0.99 

4.78 

76.86 

1.48 

6.21 

7,682 
13,828 

7,572 
13,630 

1.46 

28.97 

59.48 

10.10 

0.98 

4.83 

75.75 

1.47 

6.87 

7,621 
13,718 

7,511 
13,620 


West  Virginia  No.  6. 


Mine 

sample 

B. 


1176 


1.50 

0.80 

23.00 

70.28 

6.97 

0.74 


2.29 

22.66 

69.18 

5.88 

0.73 


Mine 

sample 

A. 


1176 


1.60 

0.51 

28.04 

72.86 

8.60 

0.76 


8,413 
15,143 


2.10 

22.67 

71.68 

8.55 

0.75 


8,278 
14,900 


Labora- 
tory car 
sample. 


1890 


0.90 


0.64 

21.74 

72.58 

5.09 

0.66 

4.70 

88.62 

1.70 

4.28 

8,801 
14,942 

8,206 
14,774 

1.68 

21.64 

71.88 

5.05 

0.66 

4.76 

82.87 

1.68 

4.99 

8,226 
14,807 

8,134 
14.r>41 
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Anatytaofminemtdlahoratoity  car  »am^t*  of  roal — Continued. 


W«,t 

VirBCniuNo.  7. 

1V« 

Vtr)tlnUNo.8. 

^% 

»mple 

LabsTH. 

mm  pie 

Uiiie 

Labors- 

La 

UBJ 

use 

IM 

IMT 

1268 

LO»„,™„U.,^™...™,n,             .... 

0.80 
21.65 

1.22 

'■» 

i.eo 
a.  as 

22.07 
7J.7Q 
3.  SO 
D.>1 

20.W 
1.20 
1.0& 

S.2M 

11,861 

ll!296 

88.  H 

aw 

I.2& 

3S.2ft 

S.89 
0.89 

2.  no 

AwOKrt.  «f  aiiMf™**  «mpte. 

1 

1 

E 

Nllnwen 

Cb 

oriflc  value  determined: 

16,112 

8,077 
14,fi89 

11,158 

orific  ™iiie  ealcnlnmd  In™  nldrnMe 
nnlpilii: 

-* 

1.M 
21.28 
7J.W 

4.IA 

2.12 
O.W 

83.  M 

33.00 
68.40 

a.  78 

0.89 

• 

i 

2(. 
B3 

80 

7  17 

„ 

iBulphur 

o.» 

1 

Carbinf 

B 

.««.,.h,.a«™i«.d: 

14,918 

7,990 
11,382 

8,029 

11.  OS 

13,786 

atly^: 



ia,(tt2 
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Analyses  of  mine  ami  lahoraioTtf  car  samples  of  coal — Continued. 


West  ViiKinia  No.  9. 


Mine 

Hample 

B. 


Laboratory  nample  No 1208 


Lion  of  moisture  on  air  drying 

AnalyBis  qf  air-dried  mmple. 

Moisture 

Volatile  matter 

Fixed  carbon 

fAsh 

\  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


2i 

a 


o 

a 


1.00 


0.99 

34.76 

(>0.45 

8.80 

0.86 


3 

a 


a 


AnalytU  corrected  to  tttrnple  at  received. 

Moisture 

Volati  le  matter 

Fixed  carbon 

f  Ash 

'  Sulphur 

Hydrogen 

Carbon 

Nitrogen 

(.Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


8,271 
14,888 


1.98 

84.41 

59.85 

8.76 

0.85 


8,188 
14.738 


Mine 

sample 

A. 


Labora- 
tory car 
sample. 


1209 


0.60 

1.18 

82.72 

63.14 

2.96 

0.75 


1.77 

82.53 

62.76 

2.94 

0.74 


1561 


3.10 


1.01 

29.53 

62.67 

6.79 

0.80 

5.04 

79.35 

1.63 

6.39 

7,984 
14.371 


7,890 
14,202 


4.08 

28.61 

60.73 

6.58 

0.77 

5.  ITS 

76.89 

1.58 

8.95 

7,786 
13,925 


7,646 
13,761 


West  Virginia  No.  10. 


Mine 

sample 

B. 


1240 


2.40 


0.65 

18.65 

77.20 

3.71 

0.49 


8,495 
15,291 


2.98 

18.10 

75.  »> 

3.62 

0.48 


8,291 
14,924 


Mine     |  Labora- 

Nample  I  torycar 

A.         wimple. 


1244 


2.30 


0.34 

19.96 

76.50 

3.20 

0.58 


2.63  I 

19.50 

74.74 

3.13 

0.57 


1471 


1.10 

0.65 

18.50 

75.92 

4.63 

0.57 

4.58 

85.91 

1.07 

3.24 

8,439 
15,190 


8,891 
15. 104 


1.75 

18.59 

75.08 

4.58 

0.56 

4.65 

84.97 

1.06 

4.18 

8,34(; 
15,028 


8,298 
14. 9;^ 
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Analyses  of  mine  and  laboratory  car  samples  of  coal — Continued. 


Laboratory  sample  No 


Lo«  of  molBture  on  air-drying. 


AnalyaU  of  air-dried  tample. 


I 

•a 


s. 


Moisture 

Volatile  matter 

^    Fixedcarbon 

£      I  Ash 

( Sulphur 

Hyrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


West  Virginia  No.  11. 


Mine 

sample 

A. 


1234 


Analytis  corrected  to  sample  aa  received. 


f  Moisture 

Volatile  matter 

Fixed  carbon 

rAsh 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

.  Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


1.60 

0.72 

18.56 

76.40 

5.82 

0.45 


8,843 
15,017 


2.21 

18.28 

74.26 

5.25 

0.44 


Mine 

sample 

B. 


8,218 
14,792 


1235 


2.60 


0.46 

18.74 

76.11 

4.69 

0.51 


8.05 

18.26 

74.12 

4.57 

0.50 


Labora- 
tory car 
sample. 


1472 


8.80 


0.80 

16.90 

70.80 

11.50 

0.53 

4.03 

79.12 

1.04 

3.78 

7,761 
13,970 

7,681 
18,736 

4.07 

16.34 

68.47 

11.12 

0.51 

4.27 

76.61 

1.00 

6.59 

7,505 
13,509 

7,379 
13,282 


West  Virginia  No.  12. 


Mine 

sample 

A. 


1288 


1.60 


0.82 

19.68 

75.54 

4.46 

0.53 


8,427 
15, 169 


1.92 

19.36 

74.33 

4.89 

0.52 


8,292 
14,926 


Mine 

sample 

B. 


1242 


2.90 


0.60 

19.45 

75.98 

4.02 

0.75 


8,428 
15,170 


8.48 

18.89 

78.73 

8.90 

0.78 


8,184 
14,731 


Labora- 
tory car 
sample. 


1364 


1.10 

0.62 

18.05 

74.88 

6.95 

0.69 

4.36 

88.68 

1.84 

8.08 

8,185 
14,788 

8,144 
14,669 

1.72 

17.85 

78.56 

6.87 

0.68 

4.43 

82.71 

1.33 

8.98 

8,095 
14,571 

8,054 
14,497 
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Analyses  of  mine  and  labarcUary  car  samplett  of  coal — Continued. 


Wyoming  No.  1. 


LaboraU>nr  iMiinple  No 


Lfiiw  of  moiflture  on  air  drjring. 


Anaiif»U  qf  atr-dried  sample. 


B 


a 


Moiflture 

§     Volatile  matter 

g  '  Fixed  carbon 

£       I  Ash 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  deteimlned: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

•     Calories 

British  thermal  units 


Analysis  corrected  to  sample  cu  received. 

^Moisture 

Volatile  matter 

Fixed  carbon 

jAsh 

'  (Sulphur 

Hydrogen 

Carbon 

Nitrogen , 

Oxygen , 

Calorific  value  determined: 

Calories 

British  thermal  units 

Calorific  value  calculated  from  ultimate 
analysis: 

Calories 

British  thermal  units 


a 

s 

H 

£ 

a 
5 


Mine 

mmple 

B. 


1868 


5.00 


17.89 

87.81 

40.75 

3.65 

0.63 


5,728 
10,840 


22.00 

86.92 

38.71 

8.87 

0.60 


5,442 
9,796 


Mine 
sample 


1809 


4.50 

17.74 

88.91 

88.21 

6.14 

0.55 


21.44 

37.16 

86.49 

4.91 

0.53 


Labora- 
tory oar 
sample. 


1479 


6.00 

17.69 

87.96 

89.56 

4.79 

0.68 

5.06 

58.41 

1.09 

28.99 

5,753 
10,355 

5,582 
10,048 

22.68 

85.68 

37.19 

4.50 

0.59 

6.89 

54.91 

1.02 

82.59 

5,408 
9.734 

5,247 
9,445 


Wyoming  No.  2. 


Mine 

sample 

B. 


1876 


Mine 

sample 

A. 


4.70 


4.09 
38.96  ' 
88.97 
22.98 

5.18  : 


5,660 
10,188 


8.60 
37.18 
32.87 
21.90 

4.94 


5,894 
9.709 


1877 


3.80 

5.64 
37.51 
85.06 
21.80 

4.50 


9.23 
36.08 
33.72 
20.97 

4.83 


Gas-pro- 
ducer 
sample. 

1571 


6.90 

2.78 
37.61 
37.40 
22.26 

4.17 

4.54 
55.29 

0.80 
12.94 

5.768 
10,364 

5,567 
10,021 

9.44 
85.02 
34.82 
20.72 

8.91 

6.00 
51.46 

0.74 
18.17 

5,361 
9,650 

5,183 
9.829 


WASHING  TESTS. 


Bv  John  D.  Wick. 


INTRODUCTION. 

The  washery  plant  was  constructed  after  designs  furnished  by 
Roberts  &  Shaefer  Company,  of  Chicago.  It  was  under  the  immediate 
supervision  of  the  writer,  who  was  assisted  by  Mr.  Edward  Moore. 
The  chemical  analyses  given  in  the  report  were  niade  at  the  laboratory 
of  the  testing  plant  under  the  direction  of  Prof.  N.  W.  Lord.  The 
steam  tests  mentioned  were  made  in  the  l>oiler  room  under  the  direc- 
tion of  Prof.  L.  C.  Breckenridge. 

Owing  to  the  small  appropriation  and  the  great  cost  of  all  material 
and  labor  on  the  Exposition  grounds,  the  washery  plant  was  made  as 
small  as  possible,  consisting  of  four  35-ton  storage  bins  and  two  bins 
of  half  the  size  for  holding  material  to  be  washed.  On  account  of  the 
small  size  of  the  bins  holding  material  to  be  washed,  it  was  impossible 
to  wash  an  entire  carload  of  coal  in  one  operation.  Washing  tests, 
therefore,  had  to  be  made  in  lots  of  10  tons  or  less,  and  for  that  reason 
the  best  results  were  not  always  obtained  and  not  man}"  such  tests 
were  made.  The  lack  of  adequate  storage  facilities  and  the  constant 
demand  upon  the  conveying  apparatus  for  supplying  fuel  to  the  boiler 
room,  the  gas-producer  plant,  the  coke  ovens,  and  the  briquetting 
machines  made  it  frequently  impossible  to  weigh  carefully  the  washed 
product  and  the  refuse  material.  Although  complete  washing  tests 
were  n^e  in  only  a  few  instances,  considerable  coal  was  washed  for 
coking,  but  in  small  amounts,  only  sufficient  for  charging  a  single  oven. 

As  noted  in  the  general  description  of  the  plant  (pages  10-13),  the 
washing  apparatus  consisted  of  a  New  Century  jig  and  a  modified 
Stewart  jig.  The  former  is  desiged  for  washing  very  fine  material, 
whereas  the  latter  will  wash  coal  composed  of  pieces  crushed  to  a 
dianietor  of  li  inches.  The  tests  made  were  not  sufficientl}'^  complete 
to  determine  the  efficienc}^  of  these  jigs,  ])ut  considerable  difficulty  was 
experienced  with  the  New  Century  jig,  the  material  l^eing  so  fine  that 
it  packed  in  the  !)ottom  of  the  jig  and  thus  i)revented  the  discharge  of 
the  refuse  material.  The  modified  Stewart  jig  gave  very  good  satis- 
faction, and  seems  very  well  adapted  to  most  kinds  of  coal. 

00 
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SPECIAL  TESTS. 

Complete  washing  tests  were  luade  upon  the  samples  named  below, 
and  with  the  results  stated. 

ILUNOIS  NO.  2. 

This  sample  consisted  of  a  carload  of  slack  from  the  OTallon  mine 
of  the  Western  Anthracite  Coal  and  Coke  Company,  near  O'Fallon, 
III.  The  coal  in  this  district  produces  considerable  slack,  which  finds 
a  fairly  ready  market  in  St.  Louis,  but  the  price  received  is  hardly 
sufficient  to  pay  for  transportation.  Washing  has  been  introduced  at 
a  number  of  plants  to  improve  the  quality  of  the  slack,  with  very 
promising  results,  and  this  test  was  made  with  the  object  of  showing 
what  improvement  could  be  effected  in  this  particular  part  of  the  dis- 
trict. The  slack  washed  consisted  of  27,280  pounds,  which  was  care- 
fully sampled  before  and  after  washing. 

This  coal  was  washed  in  the  modified  Stewart  jig.  The  weight  of 
the  washed  coal  was  not  ascertained,  but  the  refuse  weighed  3,520 
pounds. 

The  first  column  of  the  appended  table  shows  the  composition  of  the 
raw  coal  as  far  as  its  content  of  moisture,  ash,  and  sulphur  is  con- 
cerned. The  second  column  gives  the  same  data  for  the  washed  coal 
and  the  third  column  for  the  refuse. 

Afudyges  of  Illinois  No,  2  coal  and  refvM^  sluywing  effect  of  washing. 


Raw  coal. 

Washed  coal. 

Refuse. 

Moisture 

12.03 

22.44 

4.00 

27,280 

19.07 
9.42 
3.35 

15.99 

Ash 

53.08 

8ul»>hur 

9.06 

Weight,  in  pounds 

3,520 

A  comparison  of  these  figures  shows  that  the  percentage  of  ash  was 
reduced  from  22.44  to  about  9.42  by  washing,  but  the  greater  amount 
of  moisture  in  the  washed  coal  sample  makes  direct  comparison  impos- 
sible. If  the  analysis  of  the  washed  coal  had  been  determined  on  the 
same  basis  as  that  of  the  raw  coal,  the  percentage  of  ash  in  the  latter 
would  be  about  10  per  cent.  This  shows  a  reduction  of  fully  12  per 
cent  in  ash  as  a  result  of  washing  a  small  lot  through  the  Stewart 
jig,  but  washing  on  a  commercial  scale  might  improve  this  result 
considerably. 

The  sulphur  shows  a  slight  reduction,  about  one-half  of  1  per  cent. 
It  would  seem  from  these  figures  either  that  the  major  portion  of  the 
sulphur  is  so  intimately  combined  with  the  coal  as  to  be  inseparable 
from  it,  or  that  the  sulphur  is  present  in  thin  flakes  which  pa^  over 
wJtb  the  coal. 
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The  next  important  item  in  successful  washing  is  the  det«rmiiiatioD 
of  the  amount  of  coal  retained  in  the  refuse  or,  in  other  words, 
wasted.  From  the  composition  of  the  refuse  and  it^  weight  the  amount 
of  coal  in  the  refuse  is  about  1,000  pounds,  or  about  3i  per  cent  of  the 
original  charge,  or  about  5i  per  cent  of  the  coal  in  the  original  charge. 

The  effect  of  washing  in  improving  the  quality  of  tliia  coal  is  shown 
by  steam  tests  Nos,  18  and  19.  Test  No.  18  was  made  on  lump  coal 
from  this  mine,  and  test  No.  19  was  made  on  the  washed  slack  from 
the  same  mine. 

The  following  brief  results  of  these  tests  are  given: 


4n»No.e 

. 

CualleKted. 

ToW 

veloped 
by  boiler. 

Dry  coal 
burned 

"(ST 

bone- 

n,  124 

10.006 

211.4 
210.  -' 

Paundi. 
24.00 
22.36 

7.21 
8.00 

Po<tndM. 
3.92 
3.64 

A  small  amount  of  this  coal  was  also  washed  for  coking  purposes, 
and  the  improvement  may  be  noted  by  comparing  the  results  obtuned 
from  this  charge  with  those  obtained  from  a  charge  of  Illinois  No.  1, 
which  consists  of  lump  coal  from  the  same  mine.  This  test  was  made 
on  a  chaise  of  9,000  pounds  of  unwashed  coal,  which  was  burned  for 
48  hours.  It  produced  some  small  pieces  of  coke  mixed  with  charred 
ooal  and  ash.  This  coal  contained  15.95  per  cent  of  ash,  and  probably 
for  this  reason  failed  to  coke. 

The  second  test  was  made  on  Illinois  No.  2  washed.  The  amount  of 
coal  charged  was  9,000  pounds,  which,  after  burning  64  hours,  yielded 
3,389  pounds  of  mixed  hard  and  soft  coke  and  352  pounds  of  breeze 
and  ash. 

From  this  report  it  is  obvious  that  the  raw  lump  coal  did  not  coke, 
but  the  washed  slack  produced  coke  of  fair  quality,  although  the 
percentage  of  the  yield  is  so  small  that  it  probably  would  not  be  com- 
mercially successful. 

The  improvement  by  washing  is  also  shown  by  the  chemical  analyses 
of  the  coal  before  and  after  washing,  as  follows: 
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Analyses  shounng  effect  of  VHtshing  TUiiunf  No.  ; 

?  coal. 

Raw  cool. 

22.44 
4.00 

Washed  coal 
for  coking. 

Ash 

9.19 

Snlphar 

3.03 

INDIANA  NO.  1. 


This  was  a  sample  of  run-of-mine  coal  from  mine  of  the  J.  WooUey 
Coal  Company,  located  at  Mildred,  Sullivan  County,  Ind.  No  wash- 
ing is  now  done  in  this  district,  but  the  coal  contains  considerable 
impurity,  and  the  operators  are  very  desirous  of  obtaining  information 
concerning  the  effectiveness  of  washing  operations. 

The  charge,  consisting  of  16,250  pounds  of  run-of-mine  coal,  was 
passed  through  rolls  having  an  aperture  of  li  inches,  and  then  washed 
through  the  modified  Stewart  jig. 

After  the  coal  was  crushed  it  was  sampled  and  analyzed,  giving  the 
figures  shown  in  the  column  marked  "  Raw  coal "  in  the  accompanying 
table.  After  washing  it  was  again  sampled  and  analyzed,  and  the 
results  are  given  in  tiie  second  column  of  the  table.  The  refuse  was 
also  sampled  and  analyzed,  with  the  results  shown  in  the  third  column. 

Analyses  of  Indiana  No.  1  coal  and  refuse,  showing  effed  of  washing. 


Raw  coal.  .Washed coal.      Refuse. 


Moisture 

Ash 

Snlphar 

Weight,  in  ponndfl 
Goal,  ponndfl 


11.40 

16.72 

13.40 

7.16 

2.60 

2.23 

15,250 

12,620 

11,468 

9,600 

14.85 
31.71 
5.68 
3,485 
1,860 


The  results  of  this  test  are  not  so  satisfactory  as  that  of  Illinois  No. 
2,  but  it  is  probable  that  equally  good  results  could  be  obtained  by 
further  trials. 

The  test  of  Indiana  No.  1  is  satisfactory  as  far  as  the  reduction  of 
the  impurities  is  concerned,  but  it  is  not  satisfactory  when  it  is  con- 
sidered that  about  1,860  pounds  of  coal  (exclusive  of  moisture  and  ash) 
passed  over  with  the  refuse  matter.  This  is  probably  too  great  a  loss 
for  commercial  success,  but,  as  noted  above,  there  is  every  reason  to 
believe  that  washing  could  be  done  that  would  result  in  a  much  cleaner 
coal  and  at  the  same  time  lose  but  little  coal  with  the  refuse  material. 

A  steam  test  was  made  of  this  coal  after  washing,  but  no  test  was 
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made  on  the  i*aw  coal,  ho  it  is  impossible  to  say  how  great  the  improve- 
ment was  except  from  the  chemical  analyses.  The  steam  test  on  the 
washed  coal  is  given  in  test  No.  68,  page  81. 

A  washing  test  was  also  made  on  about  4^  tons  of  this  coal  for  coking 
purposes.  No  test  was  made  in  the  coke  ovens  of  the  raw  coal,  hence 
th^  coke  produced  can  not  be  compared,  but  the  chemical  analyses 
show  the  improvement  effected,  as  follows: 

Analyses  of  Indiana  No.  1  coaly  showing  effect  of  washing. 


Ash.... 
Salphur 


Raw  coal. 


Washed  coal 
for  coking. 


13.40 
2.50 


7.04 
2.03 


MISSOURI  NO.  3. 

This  sample  consisted  of  a  carload  of  slack  from  the  Mendota  Coal 
and  Mining  Company,  operating  at  Mendota,  Putnam  County,  Mo. 
Like  most  of  the  coals  from  northern  Missouri  and  southern  Iowa,  this 
coal  contains  a  heavy  percentage  of  impurities,  and  the  operators  are 
very  desirous  of  improving  their  product.  It  was  for  this  reason  that 
the  above  test  was  undertaken,  as  the  results  of  this  test  will  doubtless 
appl}"  to  the  entire  field  in  Putnam  County,  Mo.,  and  Appanoose 
County,  Iowa. 

a^ 

The  sample,  consisting  of  14,000  pounds  of  slack,  was  passed  through 
rolls  having  an  aperture  of  li  inches  and  then  washed  through  the 
modified  Stewart  jig.  After  the  coal  was  crushed  it  was  sampled  and 
analyzed,  giving  the  figures  shown  in  the  column  marked  *'Raw  coal" 
in  the  accompanying  table.  After  washing  it  was  again  sampled  and 
analyzed,  with  the  results  given  in  the  second  column  of  the  table. 
The  refuse  was  also  sampled  and  analyzed,  with  the  results  shown  in 
the  third  column. 

AnalijHes  of  Missouri  No,  3  roal  and  refuse^  shotring  effect  of  washing. 


Moisture 

Aflh 

Sulphur 

Weight,  in  pounds 

Calculated  weight  of  coal,  in  pounds. 


Raw  coal. 

WaMhedcoal. 
23.90 

14.37 

28.39 

7.59 

4.30 

2.89 

14,000 
8, 013 

6,045 

Refufie. 


23.38 
36.70 
3.94 
4,931 
1,968 


The  refuse  weighed  4,931  pounds.     It  appears  from  the  chemical 
analysis  that  the  raw  coal  contained  8,018  pounds  of  coal  exclusive  of 
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moisture  and  ash,  and  the  refuse  1,968  pounds.  The  washed  coal, 
therefore,  must  have  been  the  difference,  or  6,045  pounds. 

The  results  given  above  show  great  improvement.  The  slack  was 
extremely  dirty,  as  the  analysis  shows.  Washing  reduced  the  ash 
from  28.39  per  cent  in  the  raw  coal  to  7.59  per  cent  in  the  washed 
coal.  The  sulphur  was  likewise  reduced  from  4.30  to  2.89  per  cent. 
On  the  whole  the  reduction  in  the  impurities  is  highly  satisfactory, 
but  the  amount  of  coal  lost  in  the  operation  (1,968  pounds)  is  too  great 
for  economical  work.  It  is  possible  that  better  results  might  have 
been  obtained  if  the  tests  had  been  continued,  but  enough  has  been 
done  to  show  that  great  improvement  may  be  made  in  the  quality  of 
the  slack  coal  in  this  field  by  washing. 

The  improvement  in  washing  this  slack  was  still  further  tested  by 
steam  tests  made  on  the  raw  coal  and  also  on  the  washed  product. 

Steam  tests  showing  effect  of  washim/  Missouri  No,  S  coal. 


Cool  tested. 


Raw  slack.... 
Wanhed  slack. 


Total 
ooal  con- 
sumed. 


Poundt. 
10,82S 
11,044 


Hone- 
power  de- 
veloped 
by  boiler. 


149.5 
189.7 


Dry  coal 

burned 

per  sq.  ft. 

of  grate 

surface, 

per  hour. 


Pounds. 
21.85 
21.72 


Equiva- 
lent evap- 
oration 
from  and 
at  212^  F.. 
per  pound 

of^dry 

coal. 


Pounds. 
5.82 
7.43 


Dry  coal, 
per  indi- 
cated 
hone- 
power 
nour. 


Pounds. 
4.86 
3.81 


Dry  coal, 
per  elec- 
trical 
horse- 
power 
nour. 


Pounds. 
6.00 
4.70 


A  washing  test  was  also  made  of  about  (>i  tons  of  this  coal  for  cok- 
ing purposes.  No  trial  was  made  of  the  raw  coal  in  the  oven,  so  it  is 
uiipossible  to  make  a  direct  comparison  of  the  coke,  but  the  chemical 
analyses  give  some  idea  of  the  improvement  produced. 

Analyses  shmmng  effect  of  washing  Misso^iri  No.  S  coal. 


Ash.... 
Sulphnr 


Raw  coal. 


28.39 
4.30 


Washed  coal 
for  coking. 


7.24 
2.74 


GENERAL  TESTS. 


In  addition  to  the  above-mentioned  special  tests,  a  great  many 
charges  of  coal  for  the  coke  ovens  were  washed,  and  generally  with 
fairly  satisfactory  results,  considering  the  small  amount  of  coal  in 
each  charge. 
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As  previously  stated,  the  cou^fested  condition  of  the  conveying 
apparatus  prevented  the  weighing  of  any  of  these  small  charges  after 
washing,  but  some  idea  of  the  effects  of  washing  may  be  gained  by 
comparing  the  chemical  analyses  made  before  and  after  washing  and 
by  noting  the  character  of  coke  produced  when  tests  were  made  on 
washed  and  unwashed  material. 

Al^ibavia  No.  1. — Lump  coal  from  mine  No.  8,  Ivy  Coal  and  Iron 
Company,  Horse  Creek,  Ala. 

Coking  tests  were  made  of  both  washed  and  unwashed  coal  from 
this  mine.  The  first  charge  of  unwashed  coal  consisted  of  8,000 
pounds.  Although  the  coking  process  was  continued  for  88  hours, 
the  coke  was  very  light  and  spongy  and  high  in  ash.  Washing 
reduced  the  percentage  of  impurities  but  slightly,  though  it  is  believed 
that  with  more  thorough  washing  a  coke  of  good  quality  might  be 
obtained. 

Ai\(ihjM»  shouring  effect  ofvxishing  Alabama  No.  1  coal. 


Ash.... 
Sulphur 


Raw  cool. 


Waahed  coal 
for  cokinjc. 


13.  SS 
.76 


11.06 
.89 


Arkansas  No.  6. — Slack  coal  from  mine  No.  18,  Western  Coal  and 
Mining  Company,  Jenny  Lind,  Ark. 

About  5  tons  of  this  coal  were  washed  for  coking  purposes.  No 
coke  was  produced,  but  the  chemical  analyses  show  improvement. 

Analyses  shaiving  effect  of  washing  Askansas  No.  6  coal. 


Washed  coal 
for  coking. 


Ash.... 
Sulphur 


6.22 
1.22 


Illinois  No.  3 — Run-of-raine  coal  from  mine  No.  3,  Southern  Illinois 
Coal  Mining  and  Washing  Company,  Marion,  111. 

Two  coking  tests  were  made  of  this  coal,  one  of  raw  coal  and  the 
other  washed  for  the  purpose.  These  tests  permit  direct  comparison, 
and  the  effect  of  washing  is  plainly  apparent.  The  unwashed  charge 
of  9,000  pounds  was  tested  for  43  hours.  The  coal  lay  dead  in  the 
oven,  burning  on  top,  but  did  not  coke.  In  the  second  test  the  charge 
(washed)  consisted  of  13,000  pounds  and  was  burned  90  hours,  yield- 
ing 6,378  pounds  of  coke,  which  was  very  brittle  and  which  broke 
up  in  handling  into  fine-fingered  pieces. 
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The  chemical  composition  of  the  two  grades  of  coal  is  shown  below: 

Analyseit  shomng  effect  of  washing  Illinois  No.  S  coal. 


Ash.... 
Sulphur 


Raw  coal  for 
coking. 


10.59 
1.45 


Washed  coal 
for  cokinfc. 


5.86 
1.41 


Illinois  No.  6. — No.  6  washed  slack  from  mine  No.  1,  Donk  Brothers 
Coal  and  Coke  Company,  CoUinsville,  111. 

The  slack  at  this  plant  is  washed  and  divided  into  iive  grades,  and 
the  sample  consisted  of  No.  5,  or  the  finest  grade  produced.  The 
particles  of  coal  were  all  less  than  one-fourth  inch  in  diameter.  The 
coal  was  washed  at  the  mine,  but  owing  to  the  overcrowded  condition 
of  the  washery  this  grade  of  coal  carried  a  considerable  amount  of 
impurities,  mainly  as  a  clay  coating  on  the  particles  of  coal.  As  the 
coal  did  not  coke  in  the  condition  received,  a  charge  consisting  of  about 
6  tons  was  re  washed,  in  the  New  Century  jig.  The  coal  was  extremely 
wet  when  charged,  chilling  the  oven,  and  no  coke  was  produced. 
Although  the  coking  test  was  not  successful,  the  rewashing  showed  a 
distinct  gain  in  the  quality  of  the  coal,  but  considerable  coal  was  lost 
in  the  operation.    Chemical  analyses  show  the  following  results: 

Analyses  shomng  effect  of  washing  Illinois  No,  5  coal. 


\  Pint  charge 
waidied. 


Ash.... 
Sulphur 


17.56 
3.25 


Second 

charge  re- 

washed. 


9.18 
2.71 


Third  charge 
washed. 


18.16 
3.44 


Indiun  Territory  No  Z. — Run -of -mine  coal  from  mine  No.  8,  Rock 
Island  Coal  Company,  Hartshorne,  Ind.  T. 

Tests  were  made  on  this  coal  in  the  raw  state  and  also  after  wash- 
ing. The  unwashed  charge  (9,000  pounds)  was  burned  for  66  hours, 
and  yielded  5,725  pounds  of  coke  and  580  pounds  of  breeze  and  ash. 
The  coke  was  very  soft,  shattered,  and  brittle.  The  washed  charge 
was  burned  for  65  hours,  producing  a  coke  which  had  a  fairly  good 
ring.  It  showed  considerable  improvement  in  appearance  over  the 
coke  made  from  unwashed  coal.  The  change  in  the  impurities  is 
shown  by  the  following  analyses. 
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Analyses  shmmng  effect  of  vwthing  Indian  Territory  No.  S  coal. 


COHl. 

1                 Coke. 

Raw. 

9.99 
1.47 

Waahed. 

From  raw 
coal. 

From 
washed  coal. 

Ash 

6.33 
1.43 

14.43 
1.50 

11.12 

Sulphur 

1.75 

Indian  territory  No  3, — Run-of-mine  coal  from  mine  No.  1,  D. 
Edwards  &  Sons,  Edwards,  Ind.  T. 

Coking  tests  were  made  on  this  coal  in  both  the  raw  and  the  washed 
condition,  but  the  washing  does  not  appear  to  have  been  successful 
in  reducing  materially  either  the  sulphur  or  the  ash.  No  coke  was 
made  from  either  charge.  The  amount  of  impurities  is  shown  in  the 
following  table: 

Analyses  shnw'mg  effect  ofvashing  Indian  Territory  No.  S  coal. 


Raw  coal 
for  cokingr. 

Waahed  coal 
for  coking. 

Ash 

9.75 
3.16 

7.49 

Sulphur 

3.20 

Indian  Territoi^y  No  5. — Slack  and  pea  coal  from  mine  No.  7, 
Western  Coal  and  Mining  Company,  Lehigh,  Ind.  T. 

About  5  tons  of  this  slack  were  washed  for  a  coking  test,  but  with- 
out satisfactory  results  so  far  as  the  production  of  coke  is  concerned. 
The  improvement  effected  by  washing  is  shown  in  the  following 
analyses: 

Analyses  shounng  efferi  of  washing  Indian  Territory  No.  5  coal. 


Car  sample. 


Ash.... 
Sulphur 


25.05 
3.95 


Washed  coal 
for  coking. 


8.14 
2.90 


loioa  No.  1. — Lump  and  fine  coal  from  mine  No.  2,  Anchor  Coal 
Company,  Laddsdale,  Iowa. 

About  5  tons  of  this  coal  were  washed  for  a  coking  test,  but  the  coal 
was  not  tried  in  a  raw  condition,  and  consequently  the  coking  test 
affords  no  clue  to  the  improvement  made  by  washing.  The  change  is 
shown  by  the  chemical  analyses. 
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Analyses  shmcing  efftci  of  washing  Imva  No.  1  coal. 


AHh  . . . . 
Sulphur 


Car  Hample. 

16.0     ! 
5.03 


Washed  conl 
for  cokinf?. 


10.25 
4.61 


fmna  No.  £. — Run-of-mine  coal  from  mine  No.  6,  Mammoth  Vein 
Coal  Company,  Hamilton,  Iowa. 

About  5i  tons  of  coal  were  washed  for  a  coking  test.  The  reduc- 
tion of  impurities  effected  by  washing  was  not  great,  as  shown  by  the 
following  analyses: 

Analyses  showing  effect  of  washing  Iowa  No.  2  coal. 


AhH 


■^ulphur 


Car  sample. 

15.22 
4.66 


Washed  coal 
for  coking. 


10.28 
3.93 


Imca  No.  3. — Lump  coal  from  mine  No.  4,  Gibson  Coal  Mining 
Company,  Altoona,  Iowa. 

About  4i  tons  of  this  coal  were  washed  for  a  coking  test.  The 
improvement  in  the  quality  of  the  coal  effected  by  washing  is  shown 
in  the  following  analyses: 


Analyses  showing  iffed  of  washing  Iowa  No.  S  coal. 

- 

Car  sample. 

Washed  coal 
for  coking. 

Ash 

14.01 
6.15 

8.03 

Sulphur 

4.55 

Iowa  No.  i. — Lump  coal  from  mine  No.  3,  Centerville  Block  Coal 
Company,  Centerville,  Iowa. 

A  charge  consisting  of  about  4i  tons  of  this  coal  was  washed  for 
coking  purposes.  The  results  were  not  so  satisfactory  as  those 
obtained  on  other  samples  from  this  State.  The  analyses  are  given 
below: 

Analyses  showing  effect  of  washing  Iowa  No.  4  coal. 


Ash  ... . 
Sulphur 


Car  sample. 

10.96 
4.26 


Washed  coal 
for  coking. 


\ 


7.14 
3. 59 
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Fovoa  No,  5. — Run-of-mine  coal  from  mine  No.  1,  Inland  Fuel  Com- 
pany, Chariton,  Iowa. 

A  charge  consisting  of  nearly  5  tons  of  this  coal  was  washed  for  a 
coking  test,  but  the  coal  did  not  coke,  although  the  washing  was  fairly 
successful  in  reducing  the  impurities,  as  shown  by  the  following 
analyses: 

Analyses  showing  effect  of  washing  Iowa  No.  6  coal. 


Ash.... 
Sulphur 


Washed  coal 
for  coking. 


7.93 
2.28 


Kentucky  No.  3. — Run-of-mine  coal  from  Barnsley  mine,  St.  Ber- 
nard Mining  Comjiany,  Earlington,  Ky. 

A  charge  of  about  5^  tons  of  this  coal  was  washed  for  coking  pur- 
poses. It  produced  a  coke  of  fair  quality,  although  little  reduction 
was  made  in  the  impurities  by  washing.     The  analyses  are  as  follows: 

Analyses  shmving  effect  of  uHishing  Kentucky  No,  S  coal. 


Washed  coal 
for  coking. 


Ash.... 
Sulphur 


7.40 
2.51 


Keiitxicky  No,  1^, — Run-of-mine  coal  from  Wheatcroft  Coal  and  Min- 
ing Company,  Wheatcroft,  Ky. 

A  charge  of  about  5i  tons  of  this  coal  was  washed  for  a  coking  test. 
Washing  was  very  much  more  successful  in  this  case  than  in  that  of  the 
other  coal  from  Kentucky.     The  change  is  shown  in  the  following  table: 

Analyses  showing  effect  of  washing  Kentucky  No.  4  coal. 


Ash.... 
Sulphur 


Washed  coal 
for  coking. 


6.05 
2.74 


MisHmiri  No.  2, — Run-of-mine  coal  from  mine  No.  8,  Northwestern 
Coal  and  Mining  Company,  Bevier,  Mo. 

A  charge  of  about  6i  tons  of  this  coal  was  washed  for  a  coking  test, 
with  the  following  result: 
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Analyses  showing  effed  of  washing  Missouri  No.  2  coal. 


Ash.... 
Siilphar 


Washed  coal 
for  coking. 


7.76 
3.24 


We,^t  Virginia  No.  S. — Run-of-mine  coal  from  Pitcairn  mine,  Pit- 
cairn  Coal  Company,  Clarksburg,  W.  Va. 

Two  coking  tests  were  made  on  this  sample,  one  of  raw  coal  and  one  of 
washed  coal.  This  affords  an  additional  means  of  judging  of  the  effect- 
iveness of  washing,  for  the  coke  shows  improvement  in  tlie  second 
(washed  coal)  test,  which  can  be  accounted  for  only  by  better  quality 
of  coal.    The  following  table  shows  the  results: 

Analyses  showing  the  effect  of  washing  West  Virginia  No.  2  coal. 


Coal. 

Coke. 

Raw. 

Washed. 

From  raw 
coal. 

From 
washed  coal. 

Ash 

8.22 
3.38 

7.05 
2.84 

14.95 
3.40 

11.40 

Coke 

2.24 

West  Virginia  No.  S. — Run-of-mine  coal  from  West  Virginia  Coal 
Company,  Richard,  W.  Va. 

This  coal  was  tested  in  the  coke  ovens  in  both  the  raw  and  the 
washed  condition,  and  a  comparison  of  results  shows  that  washing  as 
done  in  this  test  had  little  effect.  The  charge  that  was  washed  weighed 
about  7i  tons. 

Analyses  showing  effect  of  washing  West  Virginia  No,  S  coal. 


Coal. 

Coke. 

Raw. 

Washed. 

From  raw 
coal. 

From 
washed  coal. 

Ash 

9.75 
.99 

9.01 
1.18 

18.18 
.93 

14.27 

Sulphur 

1.19 

West  Virginia  No.  ^. — Run-of-mine  coal  from  West  Virginia  Coal 
Company,  Bretz,  W.  Va. 

Two  coking  tests  were  made  of  this  coal,  one  in  the  raw  and  one  in 
a  washed  condition.  The  charge  that  was  washed  weighed  about  5 
tons.    The  results  of  these  tests,  as  shown  by  the  analyses  of  the  coal 
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and  the  coke,  are  not  in  harmony,  so  it  is  difficult  to  determine  the 
effect  of  washing. 
The  analyses  are  as  follows: 

Analyses  showing  effect  of  washing  West  Virginia  No,  4  coaL 


Coal. 

Coke. 

Raw. 

Washed. 

From  raw 
coal. 

From 
washed  coal. 

Ash 

8.39 

.86 

7.63 
.74 

11.85 
.82 

13.23 

SiilDluir 

.69 

The  change  in  the  amount  of  impurities  is  so  slight  that  the  irregu- 
larities of  sampling  are  probably  responsible  for  the  difference  in  the 
figures. 

West  Virginia  No.  5. — Lump  and  nut  coal  from  mine  of  Davis  Col- 
liery Company,  Coalton,  W.  Va. 

Three  coking  tests  were  made  of  this  coal  to  determine  the  possi- 
bility of  reducing  the  ash  to  within  the  limit  of  coke  for  blast  furnace 
use.  The  first  charge  consisted  of  about  6i  tons  of  raw  coal;  the 
second  charge  contained  about  7  tons  of  coal  crushed  in  rolls  to  li 
inches  in  size  and  then  washed;  the  third  charge  contained  about  5^ 
tons  of  coal,  which  was  pulverized  in  the  Williams  mill  and  washed  in 
the  New  Century  jig.  The  results  of  washing  are  shown  by  the  fol- 
lowing analyses: 

Analyses  showing  effect  of  washing  West  Virginia  No,  6  coal. 


Raw. 

Coal. 

Coke. 

Washed. 

Pulverized 
and  washed. 

From  raw 
coal. 

From 
washed  coal. 

From  pul- 
verized and 
washed  coal. 

Ash 

10.73 
.90 

10.28 
.91 

8.19 
.79 

19.14 

.77 

14.81 
.83 

15.98 

Sulphur 

.82 

W'est 
Carbon 

This 
washed 
and  of 
showed 
change 


Virginia  No.  9. — Run-of-mine  coal  from  Vulcan  mine.  Mount 
Coal  Company  (Limited),  Powell  ton,  W.  Va. 
coal  was  tested  in  the  coke  ovens  in  both  the  raw  and  the 
condition.  The  charge  of  raw  coal  contained  about  4^  tons 
washed  coal  about  6  tons.  The  coke  from  the  washed  coal 
much  improvement  over  that  from  the  unwashed  coal.  The 
in  composition  is  shown  by  the  following  analyses: 
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Analyses  showing  effect  of  washing  Me/*/  Virginia  No.  9  coal. 


- 

CohI. 
Raw.           Washed. 

Ck)ke. 

From  raw           From 
coal.         washed  coal. 

Ash 

8.07 
.88 

4.51 
.90 

9.15 
.82 

7.38 

Sulphur 

.77 

West  Virginia  No.  12. — Run-of-mine  coal  from  mine  of  the  Big 
Sandy  Coal  and  Coke  Company,  Big  Sandy,  W.  Va. 

Two  coking  tests  were  made  of  this  coal,  one  of  raw  coal  and  one  of 
washed  coal.  The  first  charge  consisted  of  about  6i  tons  of  coal  and 
the  second  charge  of  about  4^  tons.  No  particular  change  was  noted 
in  the  coke  made  from  the  two  grades  of  coal,  but  the  analyses  show 
a  reduction  of  ash  as  follows: 

Analyses  showing  effect  of  washing  West  Virginia  No.  IS  coal. 


Coal. 

Coke. 

Raw. 

Washed. 

From  raw 
coal. 

From 
washed  coal. 

Ash 

6.16 
.97 

4.90 
1.11 

9.43 
.83 

7.55 

Sulphur 

1.01 

STEAM  TESTS. 


By  L.  P.  Breckenridqe. 


INTRODUCTION. 

The  following  is  a  preliminary  report  of  the  steam  tests  of  the  coals 
burned  under  the  boilers  of  the  United  States  Geological  Survey 
coal-testing  plant  at  the  Louisiana  Purchase  Exposition,  at  St.  Liouis. 

This  report  consists  of  (a)  a  short  description  of  the  methods  used 
in  testing  and  a  table  giving  the  important  dimensions  of  the  boilers 
used;  (b)  a  list  of  the  various  coals  tested,  and  (c)  some  of  the  impor- 
tant results  of  the  tests. 

METHODS  OP  CONDUCTING  TESTS. 

The  method  of  testing  fuels  under  boilers  has  been  a  subject  of  dis- 
cussion for  many  years  by  the  members  of  the  American  Society  of 
Mechanical  Engineers,  and  as  the  result  of  this  discussion  a  standard 
method  of  conducting  tests  and  of  reporting  the  results  has  received 
the  approval  of  this  society.  The  steam  tests  of  coal  at  the  Geological 
Survey  testing  plant  have  been  conducted  and  the  results  reported  in 
accordance  with  these  methods  and  forms. 

The  number  of  tests  made  was  78.  The  duration  of  each  was  planned 
for  ten  hours,  and  was  as  near  this  time  as  the  conditions  at  the  close 
of  a  test  would  permit.  An  experienced  and  careful  fireman  hand-fired 
all  of  the  coals  tested. 

DESCRIPTION  OP  THE  BOILERS. 

There  were  two  210-horsepower  Heine  safety  boilers  provided  for 
these  tests.  They  were  exactly  similar  in  construction  and  setting. 
Each  was  provided  with  its  own  stack,  115  feet  high  and  37  inches  in 
diameter.  Each  boiler  was  fed  by  its  own  independent  injector,  and 
no  other  means  of  supplying  water  to  the  boilers  was  provided.  The 
ends  of  the  blow-off  pipes  were  visible  during  all  tests. 

In  the  next  table  the  leading  proportions  of  one  of  the  boilers  are 
given. 
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The  boilers  were  cleaned  externally  after  each  test.    The  interior 
condition  of  each  boiler  was  practically  clean  during  all  of  the  tests. 

Leading  proportioM  of  Heine  nxUer-tube  boilers  used  in  coal-tMiny  plant 


Item 
No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Item. 


Rated  capacity  of  boiler horsepower. . 

Water-heating  surface. square  feet. . 

Superheating  surface 

Grate  area square  feet. . 

Kind  of  draft 

Height  of  steel  stac^k feet. . 

Area  of  steel  stack square  feet. . 

Number  of  tubee 

Outside  diameter  of  tubes inches. . 

Steam  pressure pounds. . 

Observations  taken  every  20  minutes. 

Approximate  duration  of  each  trial hours. . 


Dimensions. 

210 

2, 031 

None. 

40.6 

Natural. 

115 

7.67 

116 

3.5 

85 

10 


DESCRIPTION  OP  THE  STEAM  ENGINE  AND  GENERATOR. 

The  steam  generated  by  the  boilers  was  largely  used  by  an  AUis- 
Corliss  engine  of  250-horsepower  capacity,  and  the  power  of  the  engine 
was  absorbed  by  a  200-kilowatt  direct  current,  24()-volt  Bullock  gen- 
erator, to  which  the  engine  was  belted. 

The  engine  was  the  simple  noncondensing  type.  The  cylinder  was 
22  inches  in  diameter  and  the  stroke  was  42  inches.  The  engine  ran 
about  80  revolutions  per  minute. 

Numerous  tests  made  to  determine  the  steam  consumption  of  the 
engine,  as  well  as  the  mechanical  efficiency  of  the  engine  and  generator 
together,  gave  the  following  average  results: 

Average  results  of  engine  and  generaUyr  tests. 

Number  of  pounds  of  steam  used  per  hour  per  indicated  horsepower  developed 

by  the  engine 23. 60 

Mechanical  efficiency  of  the  engine  and  generator  combined  (per  cent) 81 

From  these  figures  has  been  calculated  the  electrical  horsepower 
delivered  to  the  switchboard  for  such  tests  of  the  boilers  as  were  not 
accompanied  by  a  test  of  the  engine  and  generator. 

COALS  TESTED. 

On  pages  76  to  78  the  coals  tested  are  arranged  alphabetically 
according  to  the  States  from  which  they  were  obtained.  Some  of 
these  coals  were  washed  and  some  were  briquetted.  In  all  tests  of 
coab  other  than  slack,  the  coal  was  first  passed  througbL  toV\^  Vi%.N\\i^ 
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an  opening  of  1^  inches,  which  crushed  it  to  uniform  size.    On  pages 

80  to  83  is  a  table  which  gives  some  of  the  results  of  the  tests,  and  in 

which  the  character  of  the  coal  used  in  each  boiler  trial  is  clearly 

indicated. 

List  of  Coals  Tested. 

Alabama  No.  1.  First  test:  Lump  and  nut  coal  from  mine  No.  8  of  the  Ivy  Coal  and 

Iron  Company,  Horse  Creek,  Ala. 
Second  test:  Large  briquettes  containing  7  per  cent  of  pitch  binder.    See  p.  148. 
Alabama  No.  2.  Lump,  nut,  and  pea  coal  from  mine  No.  5  of  the  (ralloway  Coal 

Company,  Carbon  Hill,  Ala. 
Arkansas  No.  1.  First  test:  Lump  and  nut  coal  from  mine  No.  3  of  the  Central  Coal 

and  Coke  Company,  Huntington,  Ark. 
Second  test:  Large  briquettes  containing  9^  per  cent  of  pitch  binder.    See  p.  148. 
Arkansas  No.  2.  First  test:  Lump  coal  from  mine  No.  12  of  the  Central  Coal  and 

Coke  Company,  Bonanza,  Ark. 
Second  test:  Large  briquettes  containing  11  per  cent  of  pitch  binder^    Seep.  149. 
Arkansas  No.  3.  First  test:  Lump  and  slack  coal  from  mine  No.  18  of  the  Western 

Coal  and  Mining  Company,  Jenny  Lind,  Ark. 
Second  test:  Large  briquettes  containing  8.7  per  cent  of  pitch  binder.    See  p.  149. 
Arkansas  No.  4.  First  test:  Laiye  briquettes  made  from  slack  coal  from  several 

Arkansas  mines,  furnished  by  the  Western  Coal  and  Mining  Company,  St. 

Louis,  Mo.    Briquettes  contained  6  percent  of  pitch  binder.    See  p.  151. 
Second  test:  Small  briquettes  made  with  patent  binder.    See  p.  151. 
Arkansas  No.  5.  Lump  and  slack  coal  from  mine  No.  4  of  the  Western  Coal  and 

Mining  Company,  Coal  Hill,  Ark. 
Colorado  No.  1.  Run-of-mine  black  lignite,  from  Simpson  mine,  of  the  Northern  Coal 

and  Coke  Company,  Layfayette,  Colo. 
Illinois  No.  1.  Lump  and  nut  coal  from  mine  No.  1  of  the  Western  Anthracite  Coal 

and  Coke  Company,  near  O' Fallon,  111. 
Illinois  No.  2.  Washed  slack  coal,  from  same  as  Illinois  No.  1. 
Illinois  No.  3.  Run-of-mine  coal  from  mine  No.  3  of  the  Southern  Illinois  Coal 

Mining  and  Washing  Company,  near  Marion,  111. 
Illinois  No.  4.  First  test:  Lump  coal  from  mine  No.  3  of  the  Donk  Brothers  Coal  and 

Coke  Company,  Troy,  111. 
Second  test:  Same  as  above. 
Illinois  No.  6.  Run-of-mine  coal  from  shaft  No.  1  of  Clover  Leaf  Coal  Company, 

Coffeen,  111. 
Indiana  No.  1.  Washed  run-of-mine  coal  from  Mildred  mine  of  the  J.  WooUey  Coal 

Company,  Mildred,  Ind. 
Second  test:  Large  briquettes  made  from  washed  coal,  containing  7  per  cent  of 

pitch  binder.    See  p.  154. 
Indiana  No.  2.  Run-of-mine  coal  from  Electric  mine  of  the  T.  D.  Scales  Coal  Com- 
pany, Boonville,  Ind. 
Indian  Territory  No.  1.  Lump  and  slack  coal  from  mine  No.  1  of  the  Whitehead  Coal 

and  Mining  Company,  Henryetta,  Ind.  T. 
Indian  Territory  No.  2.  Run-of-mine  coal  from  mine  No.  8  of  the  Rock  Island  Coal 

Company,  Hartshome,  Ind.  T. 
Indian  Territory  No.  3.  Run-of-mine  coal  from  mine  No.  1  of  D.  Edwards  &  Son, 

Edwards,  Ind.  T. 
Indian  Territory  No.  4.  Lump  coal  from  mine  No.  5  of  the  Western  Coal  &  Mining 

Company,  I^high,  Ind.  T. 
Iowa  No.  1.  Lump  and  fine  coal  from  mine  No.  2  of  the  Anchor  Coal  Company, 

Laddsdale,  Iowa. 
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Iowa  No.  2.  Run-of-mine  coal  from  mine  No.  6  of  the  Mammoth  Vein  Coal  Company, 

near  Hamilton,  Iowa. 
Iowa  No.  3.  Lump  ooal  from   mine  No.  4  of  the  Gibeon  Coal  Mining  Company, 

Altoona,  Iowa. 
Iowa  No.  4.  First  test;  Lmnp  coal  from  mine  No.  3  of  the  Centerville  Block  Coal 

Company,  Centerville,  Iowa. 
Second  test:  Large  briquettes  containing  8  per  cent  of  pitch.    See  p.  158. 
Iowa  No.  5.  Run-of-mine  coal  from  Inland  mine  No.  1  of  the  Inland  Fuel  Company, 

Chariton,  Iowa. 
Kansas  No.  1.  Run-of-mine  coal  from  mine  No.  10  of  the  Western  Coal  and  Mining 

Company,  Fleming,  Kans. 
Kansas  No.  2.  First  test:  Lump  and  nut  coal  from  mine  No.  11  of  the  Western  Coal 

and  Mining  Company,  Yale,  Kans. 
Second  test:  Same  as  above  except  washed. 
Kansas  No.  3.  First  test:  Run-of-mine  coal  from  mine  No.  9  of  the  Southern  Coal  and 

Mercantile  Company,  Scammon,  Kans. 
Second  test:  Same  as  above. 
Kansas  No.  4.  Lump  coal  from  mine  of  the  Atchison  Coal  Mining  Company,  near 

Atchison,  Kans. 
Kansas  No.  5.  Lump  and  nut  coal  from  mine  No.  11  of  the  Southwestern  Develop- 
ment Company,  West  Mineral,  Kans. 
Kentucky  No.  1.  Run-of-mine  coal  from  Straight  Creek  mine  No.  2  of  the  National 

Coal  and  Iron  Company,  Straight  Creek,  Ky. 
Kentucky  No.  2.  First  test:  Lump,  nut,  pea,  and  slack  coal  from  mine  No.  11  of  the 

St.  Bernard  Mining  Company,  Earlington,  Ky. 
Second  test:  Lai^e  briquettes  containing  8  per  cent  of  pitch.    See  p.  160. 
Kentucky  No.  3.  Run-of-mine  coal  from  Bamsley  mine  of  the  St.  Bernard  Mining 

Company,  near  Earlington,  Ky. 
Kentucky  No.  4.  Run-of-mine  coal  from  mine  or  the  Wheatcroft  Coal  and  Mining 

Company,  Wheatcroft,  Ky. 
Missouri  No.  1.  First  test:  Run-of-mine  coal  from  New  Home  mine  No.  1  of  the 

New  Home  Coal  Company,  located  at  Sprague,  Mo. 
Second  test:  Large  briquettes  containing  11^  per  cent  of  pitch.    See  p.  160. 
Third  test:  Same  as  test  No.  1. 
Missouri  No.  2.  First  test:  Run-of-mine  coal  from  mine  No.  8  of  the  Northwestern 

Coal  and  Mining  Company,  Bevier,  Mo. 
Second  test:  Same  as  above. 
Missouri  No.  3.  First  test:  Slack  coal  from  mine  of  the  Mendota  Coal  and  Mining 

Company,  Mendota,  Mo. 
Second  test:  Same  as  above  except  washed. 
Missouri  No.  4.  Run-of-mine  coal  from  mine  of  Morgan  County  Coal  Company,  near 

Bamett,  Mo. 
New  Mexico  No.  1.  Lump  and  slack  coal  from  Weaver  mine  of  the  American  Fuel 

Company,  3  miles  north  of  Grallup,  N.  Mex. 
New  Mexico  No.  2.  First  test:  Slack  coal  from  Otero  mine  of  the  Caledonian  Coal 

Compfmy,  2  miles  east  of  Crallup,  N.  Mex. 
Second  test:  Small  briquettes  containing  patent  binder.    See  p.  162. 
North  Dakota  No.  1.  Run-of-mine  brown  lignite  from  Lehigh,  N.  Dak. 
Pennsylvania  No.  1.  Coal  from  Eureka  mine  No.  31  of  Berwind- White  Coal  Mining 

Company,  Windber,  Pa. 
Pennsylvania  No.  2.  Coal  from  Eureka  mine  No.  31  of  Berwind- White  Coal  Mining 

Company,  Windber,  Pa. 
Pennsylvania  No.  3.  Small  briquettes  made  with  patent  binder  from  anthracite  culm 

furnished  by  Pennsylvania  Coal  Company,  Scranlon,  Pa.,  ^.  \*^. 
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West  Virginia  No.  1.  Ran-of-mine  coal  from  mine  of  the  Virginia  and  Pittsburg  Coal 
Company,  Kingmout,  W.  Va. 

West  Virginia  No.  2.  Run-of-mine  coal  from  Pitcaim  mine  of  the  Pitcaim  Coal  Com- 
pany, Clarksburg,  W.  Va. 

West  Vii^nia  No.  3.  Run-of-mine  coal  from  mine  of  West  Vii^ginia  Coal  Company, 
Richard,  W.  Va. 

West  Virginia  No.  4.  Run-of-mine  coal  from  mine  of  the  West  Viiginia  Coal  Com- 
pany, Bretz,  W.  Va. 

West  Virginia  No.  5.  Lump  and  nut  coal  from  mine  of  the  Davis  Colliery  Company, 
Coalton,  W.  Va. 

West  Virginia  No.  6.  First  test.    Run-of-mine  coal  from  mine  of  the  New  River 
Smokeless  Coal  Company,  Rushrun,  W.  Va. 
Second  test.    Same  as  above. 

West  Virginia  No.  7.  Run-of-mine  coal  from  mine  of  the  New  River  Smokeless  Coal 
Company,  Sun,  W.  Va. 

West  Vii^nia  No.  8.  Run-of-mine  coal  from  mine  of  the  Gauley  Mountain  Coal 
Company,  Ansted,  W.  Va. 

West  Virginia  No.  9.  Run-of-mine  coal  from  Vulcan  mine  of  the  Mount  Carbon 
Coal  Company,  Limited,  Powellton,  W.  Va. 

West  Virginia  No.  10.  Lump  and  run-of-mine  coal  from  Stuart  M.  Buck,  Mora, 
W.  Va. 

West  Virginia  No.  11.  Run-of-mine  coal  from  mines  Nos.  1  and  2  from  W.  H.  Coff- 
man,  Zenith,  Va. 

West  Virginia  No.  12.  First  test.    Run-of-mine  coal  from  mine  of  the  Big  Sandy 
Coal  and  Coke  Company,  Big  Sandy,  W.  Va. 
Second  test.    Small  briquettes  made  with  patent  binder. 

Wyoming  No.  1.  Black  lignite  from  mine  of  the  Wyoming  Coal  and  Mining  Com- 
pany, Monarch,  Wyo. 

Wyoming  No.  2,  Run-of-mine  coal  from  Antelope  Nos.  1  and  2  and  Jumbo  mines  of 
the  Cambria  Fuel  Company,  Cambria,  Wyo. 

RESULTS  OP  THE  COAL   TESTS  UNDER  THE  BOILERS. 

The  accompanying  table  shows  some  of  the  most  important  practical 
results  of  the  tests  of  coals  burned  under  the  boilers.  In  each  test  an 
effort  was  made  to  operate  the  boiler  at  a  point  very  near  its  rated 
capacity.  In  some  cases  the  coals  tested  presented  difficulties  which 
made  it  impossible  to  accomplish  this  result.  The  various  coals  were 
tested  in  the  order  of  the  "test  numbers"  given  in  column  1,  and  tests 
of  coals  from  widely  separated  localities  were  frequently  made  on 
successive  days. 

Attention  is  called  to  ''  rate  of  combustion"  at  which  the  coals  were 
burned.  To  those  familiar  with  tests  of  this  character  it  will  be  evi- 
dent that  the  coals  were  for  the  most  part  burned  at  a  rate  calculated 
to  give  approximately  the  most  favorable  results. 

All  of  the  chemical  results  repoi-ted  in  this  table  were  furnished  by 
the  chemical  laboratory  in  charge  of  Prof.  N.  W.  Lord,  which  is 
sufficient  guarantee  of  the  accuracy. 

The  ''horsepower  developed  by  the  boiler,"  recorded  in  colunm  11, 
refers  to  the  standard  boiler  horsepower  and  is  the  evaporation  of  34.5 
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pounds  of  water  per  hour  from  a  feed-water  temperature  of  212°  F. 
and  at  atmospheric  pressure. 

In  column  13  will  be  found  recorded  the  number  of  pounds  of  water 
evaporated  by  one  pound  of  dry  coal  at  and  from  a  temperature  of 
212°  F.  This  column  gives  the  best  comparative  results  of  the  rela- 
tive values  of  the  coals  tested,  as  far  as  these  results  relate  to  their 
commercial  values. 

The  final  report  on  these  tests  will  give  the  values  of  all  the  items 
of  the  standard  code  report  of  the  American  Society  of  Mechanical 
Engineers  and  the  complete  logs  of  all  tests,  as  well  as  a  graphic  chart 
of  each  trial. 
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PERSONNEL. 

The  coal  tests  under  steam  boilers  were  all  made  under  the  direct 
supervision  of  Prof.  D.  T.  Randall,  of  the  Department  of  Mechanical 
Engineering  at  the  University  of  Illinois.  He  was  assisted  by  Messrs. 
J.  J.  Ilarman,  H.  B.  Dirks,  R.  H.  Kuss,  H.  Kreisinger,  C.  H.  McClure, 
R.  W.  Rutt,  C.  II.  Green,  R.  II.  Post,  and  H.  W.  Weeks,  the  first  three 
])eing  replaced  by  the  last  three  on  September  1.  Mr.  Henry  Arens 
wius  fireman  for  all  the  trials,  and  his  work  was  intelligent  and  satis- 
factorv.  Mr.  William  Cameron  fired  the  auxiliarv  boiler.  The  engine 
was  under  the  charge  of  Mr.  Otto  Kinner,  who  was  assisted  by  Mr. 
H.  M.  Horstmeier,  oiler.  The  electrical  appamtus  was  in  charge  of 
Mr.  Jos.  Underwood,  who  was  assisted  by  Mr.  A.  P.  Bridgeman,  in 
charge  of  the  switchboard. 

The  work  of  all  the  corps  of  observers  was  performed  with  an  intel- 
ligent realization  of  the  importance  of  the  work  and  with  painstaking 
accuracy. 


PRODUCER-GAS  TESTS. 


Bv  Robert  H.  Fernald. 


INTRODUCTION. 

In  presenting  this  brief  preliminary  report  of  the  producer-gas  tests 
no  attempt  is  made  to  give  detailed  information,  as  the  complete 
report,  to  be  published  later,  will  deal  at  length  with  the  methods 
employed  in  conducting  the  tests,  details  of  apparatus  used,  and  meth- 
ods of  working  up  the  results  from  the  data  obtained. 

EQUIPMENT. 

The  plant  installed  is  a  Taylor  pressure  gas  producer,  furnished  by 
R.  D.  Wood  &  Co.,  of  Philadelphia.  The  producer  of  250-horsepower 
capacity  is  known  as  a  No.  7  gas  producei*.  It  is  Si  feet  external 
diameter  and  15  feet  high  and  is  connected  through  an  economizer  3 
feet  in  external  diameter  and  16  feet  high  to  a  scrubber,  whose  exter- 
nal dimensions  are  8  feet  in  diameter  by  20  feet  in  height.  The 
scrubber  is  filled  with  gas-house  coke,  which  is  constantly  flushed  with 
water  during  the  operation  of  the  plant.  From  the  scrubber  the  gas 
passes  to  the  tar  extractor,  a  piece  of  apparatus  whose  detailed  con- 
struction is  carefully  guarded  by  the  manufacturers  of  the  producer, 
but  which  resembles  in  outward  appearance  a  centrifugal  pump.  The 
speed  of  rotation  of  this  device  is  of  vital  importance  in  tar  extraction. 
After  passing  through  the  tar  extractor  the  gas  goes  directly  to  the 
purifier,  an  iron  box  8  feet  square  and  3  feet  3  inches  in  height.  This 
box  is  filled  with  oxidized  iron  filings  and  shavings  that  remove  the 
sulphur  from  the  gas,  which  next  passes  to  the  holder,  a  receiver  a 
little  over  20  feet  in  diameter  and  13  feet  high,  of  4,000  cubic  feet 
capacity.  From  the  holder  the  giis  is  conducted  through  a  meter  of 
1,000,000,000  cubic  feet  capacity  to  a  3-cylinder  vertical  Westing- 
house  gas  engine  with  cj^linders  of  19-inch  diameter  and  22-inch  stroke, 
rated  at  235  brake  horsepower.  The  engine  is  in  turn  belted  to  a  six- 
pole  175-kilowatt  Westinghouse  direct-current  generator.  The  load 
on  the  generator  is  controlled  by  and  the  energy  developed  dissipated 
through  water  rheostats  especially  constructed  for  the  purpose. 
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The  iustruuients  and  apparatus  used  in  connection  with  the  tests 
were  loaned  by  the  manufacturers  or  dealers.  These  instruments 
are  all  standard,  and  were  frequently  calibrated  at  the  National 
Bureau  of  Standards  in  the  Electricity  Building,  World's  Fair 
Grounds. 

During  the  charging  of  the  producer  the  coal  was  carefully  sampled, 
the  sample  analyzed,  and  the  calorific  value  of  the  coal  determined  at 
the  chemical  laboratory  operated  in  connection  with  the  plant.  The 
coal  analyses  in  the  appended  table  were  supplied  b}'  Prof.  N.  W. 
Lord,  in  charge  of  the  chemical  laboratory. 

The  calorimetric  determinations  from  the  gas  and  the  gas  analyses 
were  made  in  an  independent  laboratory  provided  in  the  engine  room 
near  the  producer  plant. 

Observations  and  readings  were  taken  every  twenty  minutes  during 
these  tests,  as  were  also  the  calorimetric  determinations  from  the  gas, 
Init  in  the  majority  of  tests  the  gas  analyses  were  made  once  every 
two  hours  only. 

PERSONNEL. 

During  the  first  few  weeks  the  gas  producer  was  operated  under  the 
direct  supervision  of  Mr.  C.  W.  Lummis,  a  representative  of  R.  D. 
Wood  &  Co.  Mr.  Lummis  was  followed  by  Mr.  C.  O.  Nordenson, 
also  from  K.  D.  Wood  &  Co.,  who  continued  in  charge  of  the  opera- 
tions of  the  producer  to  the  close  of  the  season.  The  gas  engine  has 
])een  run  by  Mr.  J.  G.  Culbertson,  a  representative  of  the  Westing- 
house  Machine  Company. 

The  observations  and  computations  have  been  made  by  a  crew  of 
college  men,  who  have  been  trained  in  various  technical  institutions 
and  who  have  supplemented  this  training  with  practical  experience. 
The  men  employed  in  these  two  important  departments  are  Me^ssrs. 
R.  W.  Cummings,  H.  G.  Packer,  If.  A.  Grine,  M.  H.  Mount,  R.  E. 
Peshak,  Kurt  Toensfeldt,  and  W.  C.  Weidmann. 

A  dou!)le  check  system  has  l>een  maintained  throughout  all  compu- 
tations, thus  assuring  a  high  degree  of  accuracy.  The  operating 
supervision  of  the  tests  has  been  under  the  direct  control  of  Capt. 
John  A.  Laird,  a  consulting  engineer  of  St.  Louis. 

METHODS  OF  CONDUCTING  TESTS. 

The  tests  were  begun  on  the  basis  of  a  total  of  fifty  hours  for  each 
test.  The  plant  was  operated  ten  hours  a  day  and  then  fires  were 
banked  for  the  night,  the  records  being  continued  the  next  morning. 
This  permitted  one  test  a  week  only.  With  the  small  crew  at  com- 
mand it  seemed  to  be  the  best  possible  arrangement  and  was  continued 
for  the  first  two  tests.  It  was  then  thought  desirable  to  secure 
double  the  number  of  tests,  and  the  schedule  was  arranged  to  conduct 
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two  tests  per  week,  each  of  thirty  consecutive  hours,  allowing  suffi- 
cient time  between  tests  to  make  the  necessary  change  of  fuel  and  to 
enable  the  fuel  bed  in  the  producer  to  be  brought  to  a  proper 
working  condition. 

As  it  was  desired  to  test  as  many  coals  as  possible  in  the  few  weeks 
remaining  before  the  close  of  the  Exposition,  the  highest  possible 
economy  was  made  a  secondary  consideration,  and  for  a  part  of  the 
time  the  plant  was  run  with  a  leaky  hopper  and  other  unfortunate 
conditions,  which  naturally  impaired  its  efficiency. 

In  comparing  the  results  it  should  be  borne  in  mind  that  in  these 
preliminary  tests  the  object  has  been  to  demonstrate  the  possibility  of 
using  these  coals  in  a  producer,  and  not  to  show  how  efficiently  they 
could  be  burned.  Although  the  results  in  many  cases  have  been  highly 
satisfactory,  there  is  no  question  that  in  a  second  series  of  tests  upon 
the  same  coals,  made  with  the  idea  of  showing  the  greatest  economy, 
the  amount  of  coal  per  horsepower  per  hour  will,  in  the  majority  of 
cases,  be  much  less. 

During  tests  Nos.  5  to  14  inclusive  the  hopper  of  the  gas  producer 
leaked,  and  considerable  gas  was  wasted,  thus  vitiating  to  a  small  but 
undetermined  extent  the  efficiency  results  that  might  otherwise  be 
shown  for  the  coals  tested  during  that  period.  But  at  the  time  of 
making  these  tests  it  was  not  practicable  to  stop  the  operations  of  the 
plant  for  repairs;  and  the  main  purpose  of  the  preliminary  tests  being 
to  determine  whether  the  coals  were  suitable  for  producer-gas  purposes, 
it  was  decided  to  proceed,  in  spite  of  the  leak  in  the  hopper,  and  to 
repeat  later,  under  more  favorable  conditions,  the  tests  for  relative 
efficiency. 

These  points  should  be  kept  carefully  in  mind  in  examining  the 
appended  report,  and  criticism  of  the  relatively  poor  sliowing  of  one 
coal  as  compared  with  another  should  be  reserved  until  after  the  pub- 
lication of  the  detailed  report,  which  will  give  a  full  statement  of  the 
conditions  under  which  each  coal  was  tested  and  the  influences  that 
tended  to  make  that  particular  test  more  or  less  favorable  when  com- 
pared with  others. 

The  results  show  with  what  ease  gas  may  be  produced  from  bitumi- 
nous coal  and  lignites,  and,  taken  as  a  whole,  indicate  the  satisfactory 
economic  results  that  may  be  expected  under  ordinary  working 
conditions. 

Immediately  after  the  close  of  the  Exposition,  it  having  been  decided 
to  continue  the  tests  for  some  weeks  longer,  the  plant  was  shut  down 
in  order  to  repair  the  leaking  hopper  and  to  prepare  for  cold  weather. 
Operations  were  resumed  on  December  12  and  continued  until  Decem- 
ber 22,  which  is  the  close  of  the  period  covered  by  this  report. 

A  glance  at  the  logs  of  the  tests  shows  very  clearly  the  advisability 
of  allowing  a  few  hours  for  the  manipulation  of  the  plant  after  start- 
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ing  before  beginning  the  official  records  of  the  tests.  This  is  due  to 
the  fact  that  each  test  is  made  on  a  new  coal,  whose  working  qualities 
in  the  producer  are  entirely  unknown.  The  opemtion  of  the  gas 
engine  upon  gases  from  different  coals  requires  careful  study  in  order 
to  secure  the  best  mixture,  proper  point  of  ignition,  et<*.  It  has  there- 
fore been  decided,  should  the  operation  of  the  plant  be  continued, 
that  seventy -two  consecutive  hours  shall  l>e  allowed  for  each  test. 
During  the  first  eight  to  twelve  hours  the  operators  of  the  producer 
and  engine  will  devote  their  entire  attention  to  securing  the  best  pos- 
sible manipulation  of  the  plant,  thus  insuring  sixty  hours  for  obtaining 
results  of  high  economy  as  well  as  testing  the  endurance  of  the  plant. 

RESULTS  OF  THE  TESTS. 

The  first  official  producer-gas  test  began  October  3, 1904,  and  between 
that  date  and  December  22  eighteen  coals  were  tested.  The  results 
are  given  briefly  in  the  following  pages. 

The  brief  notes  appended  to  the  reports  of  each  test  give  an  idea  of 
the  operating  qualities  of  the  coals  from  the  standpoint  of  the  expert 
in  charge  of  the  producer. 

COAL,  ALABAMA  NO.  2;  PRODUCER-OAS  TEST  NO.  8. 

[Coal  from  mine  No.  5  of  the  Galloway  Coal  Company.  Carbon  Hill.  Ala.;  tested  October  10, 11, 12, 13, 

14,  1904.] 

Duration  of  test hours. .  43 

ToUil  coal  consumed  in  prtxlucer pounds. .  13, 350 

Moi.sture  in  coal per  cent. .  3.  76 

Dry  coal  consumed  in  producer jxMinds. .  12, 848 

Refuse  from  dry  coal jx^r  cent. .  9, 85 

Total  refuse  from  coal jmunds. .  1, 315 

Total  combustible  «  consununl  in  producer do 12, 035 

OkiI  coTisuitiedf  pounds  jn'r  hour. 

Coal  consumed  in  producer 310. 5 

Dry  coal  consumed  in  producer 299 

Combustible  consumed  in  producer 280 

P^quivalent  coal  ^  used  by  producer  plant 341. 4 

Equivalent  dry  coal  used  by  producer  plant 328. 7 

Equivalent  combustible  used  by  producer  plant ^ 306. 8 

British  thermal  uniU, '" 

Per  iKJund  of  coal 12, 865 

Per  pound  of  dry  coal 13, 365 

Per  iK)uud  of  combustible 14, 820 

Per  cubic  foot  of  standard  gas 149. 18 

From  standard  gas  d  per  pound  dry  coal  burned  in  producer 9, 000 

From  standard  gas  per  hour  per  brake  horsepower 11, 420 

«  "  Combustible  "  is  dry  coal  minus  refuse. 

b"  Equivalent  coal"  is  coal  actually  consumed  in  producer  plus  the  coal  equivalent  of  the  steam 
used  in  ojMirating  the  producer, 
t'  A  "  Brili.«ih  thermal  unit "  is  the  heat  required  to  raise  1  pound  of  wat^^r  from  G2°  F.  to  63**  P. 
^^"/^fiaiidnrdfas  "  Lsfrasat  C29F.  And  14. 7  ix)Und3  pressure. 
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Gas  jiro*hire<ij  cMc  feet  {rrdncerf  tn  sfimfhirtf). 

Total : 775,  .>(K) 

Per  hour IS.OoO 


Per  pound  coal  consumed  in  producer 

Per  jMiund  dry  coal  consumed  in  producer 

Per  pound  combustible  consumed  in  producer 

Per  pound  equivalent  coal  used  by  producer  plant 

Per  pound  equivalent  dry  coal  u»ed  by  producer  plant 

Per  pound  equivalent  combustible  used  by  producer  plant . . 

Horsejmwer  developed. 

Average  electrical  horsepower  available  for  outside  purposes 
Average  electrical  horsepower  developed  at  switch  board  . . . 
Average  brake  horsepower  t  available  for  outside  purposes . . 
Average  brake  horsepower  t  developed  at  engine 


58.  1 

()0.4 

(U.5 

52.9 

55 

58.9 


192.6 
200.6 
226.6 
235.5 


Coal  conmmed  in  producer,  ponnds  per  horsepoicer  per  hour. 


Por  electrical  horsepower  available  for  outside  purposes. 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes. . . 
Per  brake  horsepower  t  developed  at  engine 


Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


Eouivalent  pounds  used  by  producer  plant  per  electrical 
norseiwwer  developed  at  switch  board 

Equivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  available  for  outside  purposes 

Equivalent  pounds  used  by  producer  plant  per  brake 
horsepowert  developed  at  engine 


CombuK- 
tihle. 


1-  • 

45 

A  « 

40 

A  a 

28 

19 

k  • 

59 

1  • 

5.S 

A  • 

;^5 

X  « 

30 

Average  compofnlion  of  coal  nnd  gas. 


COAL.*  Per  cent. 

Moisture 3.  76 

Volatile  matter :i3. 45 

Fixed  carbon 53.29 

Ash 9.50 

Sulphur 86 


OAs  BY  VOLUME.  Per  cent. 

Carbon  dioxide S.  16 

Oxygen 10 

Carbon  monoxide 16. 65 

Hydrogen 7.20 

Methane 5. 64 

Nitrogen 62.24 


99.99 


The  Alabama  No.  2  is  a  clean,  hard  coal,  which  was  fed  in  1  to  1^ 
inch  lumps,  and  worked  well  in  the  producer.     It  did  not  cake  exces- 

t  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 

*  All  coal  analyses  given  in  this  report  were  made  under  the  direction  of  Prof.  N.  W.  Lord,  and  they 
will  appear  in  his  final  report. 
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sivelv  and  \v«.s  easily  handled.  The  irreatest  trouiile  in  itn  use  arcKsc 
from  ita  tendency  to  shrink  away  from  the  walls  of  the  producer.  It 
was  necessary,  therefore,  to  break  it  against  the  walls  about  twiet^ 
every  hour.  The  lumps  did  not  swell  and  f  iise  together,  but  seemcHl 
to  keep  apart  in  the  tire. 

COAL,  COLORADO  NO.   1;  PBODUCER-OAS  TEST  NO.  16. 

[Coal  from  Simpwm  iiiirieof  the  Northern  Coal  and  Coke  (:omi>aiiy,  Lafayette,  Colo.:  tested  December 

13,  14,  19m.] 

Duration  of  test hours. .  30 

Total  coal  consumed  in  producer pounds. .  10, 933 

Moisture  in  coal l^r  cent. .  20. 24 

Dry  coal  consumed  in  producer pounds. .  8,  720 

Refuse  from  dry  coal per  cent. .  7. 34 

Total  refuse  from  coal.^. ]>oundH. .  640 

Total  combustible  consumed  in  producer l>oundH. .  8, 080 

Coal  constinted,  poumh  per  hour. 

Coal  consumed  in  producer 364. 4 

Dry  coal  consumed  in  producer 290.  7 

Combustible  consumeil  in  producer 269. 3 

Equivalent  coal  used  by  producer  plant 428. 4 

Equivalent  dry  coal  used  by  producer  plant 341.  7 

Equivalent  combustible  used  by  producer  plant 316. 6 

British  thermal  ui)iti<. 

Per  pound  of  coal  as  fired 9,  767 

Per  pound  of  dry  coal 12, 245 

Per  pound  of  combustible 13, 210 

Per  cubic  foot  of  standard  gas 149 

From  standard  gas,  per  pound  dry  coal  burned  in  pnxlucer 7, 8(i0 

From  standard  gas,  per  hour  i^er  brake  hors«e|)ower 9,  700 

Gas  produced^  cubic  feet  {reduced  tv  standard). 

Total 460,300 

Per  hour 15,343 

Per  pound  coal  consumed  in  producer 42. 1 

Per  pound  dry  coal  consumed  in  producer 52. 8 

Per  pound  combustible  consumed  in  producer 57 

Per  pound  equivalent  coal  used  by  prwlucer  plant 35. 8 

Per  ix)und  equivalent  dry  coal  used  by  producer  plant 44. 9 

Per  pound  equivalent  combustible  used  by  producer  plant 48. 5 

Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 186. 4 

Average  electrical  horsepower  developed  at  switch  board 200. 2 

Average  brake  horseixjwer  f  available  for  outside  purposes 219. 3 

Average  brake  horsepowerf  developed  at  engine 235.4 

t  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  l)elt. 
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CckU  iVJUfumcd  in  irrodut'ir,  pouiuig  per  Ju/rsejjoiver  jper  hour. 


IVr  electrical  horsepower  available  for  outside  purposes.. 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower f  available  for  outside  purposes  ... 

Per  brake  horsepower  t  developed  at  engine 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


I'xjuivalent  pounds  uaed  by  producer  plant  per  electrical 
n< 


loreepower  develo|)ed  at  switch  board. 


Equivalent  pounds  used  by  producer  plant  per  brake 
horsepower t  available  for  out^side  purposes 

Eciuivalent  pounds  used  by  producer  plant  per  brake 
horsepowert  developed  at  engine. 


Coal  as 
fired. 

Dry  coal. 

1.95 

1.56 

1.82 

1.45 

1.66 

1.32 

1.55 

1.23 

2.30 

1.83 

2.14 

1.71 

1.95 

1.56 

1.82 

1.45 

COmbiui- 
tible. 


1.45 
1.35 
1.23 

1.14 

1.70 
1.68 
1.44 
1.34 


t  Based  on  an  asHiimed  efficiency  of  85  jht  cent  for  jrcncmtor  and  belt. 


Arerruje  cinnposWum  of  coal  aiid  gas. 


COAL. 


Per  cent. 


OA8  BY  VOLUME. 


Per  cent. 


Moisture 20.24     Carbon  dioxide 10.11 


Volatile  matter 32.  26 


Oxygen 65 


Fixe<l  t«rbon 41 .  65     Carbon  monoxide 17. 38 

Ash 5.85  I  Hydrogen 11.05 

Methane 5. 00 

Nitrogen 55.90 

99.99 


Sulphur 60 


The  Colorado  No.  1  is  a  black  lignite  which  clinkered  badly  in  the 
producer,  in  spite  of  frequent  poking,  but  the  clinkers  were  not  large 
and  could  be  broken  from  the  top  of  the  producer.  The  gas  was  of 
a  good,  uniform  quality,  and  there  is  no  doubt  that  the  fuel  can  be 
used  to  advantage  in  producers.  It  yielded  a  large  amount  of  yellow 
"lignite  tar." 

COAL,.  ILLINOIS   NO.  8;  PRODUCER-OAS  TEST  NO.  6.* 

[Coal  from  mine  No.  8  of  the  Southern  Illlnol.«»Coal  Mining  and  Washing  Company,  near  Marion,  111.; 

tested  October  31  and  November  1,  1904.] 

Duration  of  test ^ hours. . 

Total  coal  consumed  in  prociucer inmnda. . 

Moisture  in  coal per  cent.  . 

Dry  coal  consumed  in  producer pounds. . 

Refuse  from  dry  coal per  cent. . 

Total  refuse  from  coal ixmnds. . 

Total  combustible  consumed  in  producer do 


30 
10,500 

7.62 
9,700 

10. 53 
1,021 
8,679 


»  Qas-produccr  hopper  leaked. 
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OmiI  ron8ume(f,  pomirh  jter  hmir. 

m 

Coal  consumed  in  produt«r 350 

Dry  coal  consumed  in  producer 323. 3 

Combustible  consumed  In  producer 289. 3 

Equivalent  coal  used  by  producer  plant 384) 

Equivalent  dry  coal  used  by  producer  plant 35().  7 

Equivalent  combustible  used  by  producer  plant 319. 2 

hrxlixh  thermal  unittt. 

Per  pound  of  coal  as  fired 1 12, 046 

Per  pound  of  dry  coal 13, 041 

Per  pound  of  combustible 14, 560 

Per  cubic  foot  of  standanl  gas 154. 8 

From  standard  gas  per  pound  dry  coal  burned  in  producer 8, 330 

From  standard  gas  i>er  hour  per  brake  horsepower 11, 460 

Gas  proihicefft  mine  feet  {reduced  to  tftandard). 

Total 522,350 

Per  hour 17,412 

Per  pound  coal  consumed  in  producer 49.  8 

Per  pound  dry  coal  consumeil  in  producer 53. 9 

Per  pound  combustible  consumeti  in  producer 60. 2 

Per  pound  e(]uivalent  coal  used  by  producer  plant 45. 1 

Per  pound  equivalent  dry  coal  used  by  producer  plant 48.  8 

Per  pound  equivalent  combustible  used  by  producer  plant 54. 5 

Uorsepmver  devehped. 

Average  electrical  horsepower  available  for  outside  purposes 192. 5 

Average  electrical  horsepower  developed  at  switch  boanl 199. 6 

Average  brake  horsepower  t  available  for  outside  purposes 226. 5 

Average  brake  horsepower  f  developed  at  engine 235 

Coal  consumed  in  jyroducerf  poundj^  per  h(yri*cpou'cr  per  hour. 


Coal  »is 
tired. 


Per  electrical  horsepower  available  for  outside  purposes.  J  1. 82 

l*er  electrical  horsepower  developed  at  switch  board |  1.  75 

Per  brake  horsepower!  available  for  outside  purposes 1. 54 

Per  brake  horsepowerf  developed  at  engine ■  1 .  49 

Eouivalent  pounds  used  by  producer  plant  per  electrical  | 

horsepower  available  for  outside  purposes ;  2. 01 

P^uivalent  pounds  used  by  producer  i)lant  per  ele(*trical 
horsepower  developed  at  switch  board 


Fkiuivalent  pounds  used  by  producer  plant  per  brake 
horsepowert  available  for  outside  purposes 


1.93 


1.70 


Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepowerf  developed  at  engine 1.64 


Dry  coal. 


CotnbiiA- 
tible. 


1.68 
1.62  , 
1 .  43 
1.38 

1.85 

1.79 

1.58 

1.52 


1.50 
1.45 
1.28 
1.23 

1.66 

1.60 

1.41 

1.36 


t  Ba.*ied  on  jin  assumed  ettieiency  of  sr>  per  oeiit  for  geiu'rutor  niid  belt. 
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.1  rertuje  rom})(jsUion  of  axil  and  gan. 

roAi,.                       Percent,  i                               r; as  by  volume.              Percent. 

Moiptnre 7.62  i  Carbon  dioxide 10.53 

Volatile  matter 30.87  !  Oxygen 15 

Fixed  carbon 51.78     Carbon  monoxide 15.31 


Ash 0.73 

Sulphur l.HO 


Hydrogen 8. 35 

Methane 4. 46 

Nitrogen 61.19 

J>9.99 


Tho  test  on  Illinois  No.  3  cojil  wjis  very  satisfactory.  The  gfJis  was 
<;^ood  and  the  coal  easily  handled.  There  were  no  signs  of  clinkers  in 
the  fire,  and  it  is  certain  that  this  coal  <'ould  be  used  continuously  with- 
out trouble  from  that  source.  It  may  be  considered  a  good  gas-pro- 
ducer coal. 

COAL,  ILLIH0I8  NO.  4;  PRODUCER-OAS  TEST  NO.  9.* 

[Coal  from  mine  No.  3  of  the  Donk  Brothern  Coal  mimI  Coke  CoraiMiny.  Troy.  111.;  tested  November  10 

and  11,  laoi.J 

Duration  of  test hours . . 

Total  coal  consumed  in  producer pounds. . 

Moisture  in  coal j)er  rent. . 

Dry  coal  consumed  in  producer pounds. . 

Rehire  from  dry  coal \wv  eent . . 

Total  refuse  from  coal pounds. . 

Total  combustible  consumed  in  producer do 

Coal  conmmedy  pounds  prr  hour. 

Coal  consumed  in  producer 

Dry  coal  consumed  in  producer 

Combustible  consumed  in  producer 

£(]uivalent  coal  used  by  producer  plant 

Equivalent  dry  coal  used  by  producer  plant 

Equivalent  combustible  used  by  producer  plant 


30 

10,500 

12.43 

9,  IIH) 

10.53 

9(>8 

8, 222 

350 

:W6.3 

274.1 

398.  2 

348. 5 

311.9 

British  thermal  uniUi. 

Per  pound  of  coal  as  fired 1 1 ,  237 

Per  pound  of  dry  coal 12,834 

Per  pound  of  combustible 14, 344 

Per  cubic  foot  of  standard  ga#» 151. 5 

From  standard  gas  per  pound  dry  coal  burned  in  producer 8, 840 

From  standard  gas  per  hour  per  brake  horsepower 11, 620 

CUis  produced,  cubic  feet  {reduced  to  stamlard). 

Total 536,435 

Per  hour 17,881 

Per  pound  coal  consumed  in  producer 51 . 1 

Per  pound  dry  coal  consumed  in  pro<lucer 58. 4 

Per  pound  combustible  consumed  in  producer 65. 3 

Per  pound  equivalent  coal  usc^l  by  pr<Klu(^*r  plant 44. 9 

Per  pound  equivalent  dry  coal  used  by  pro<Uicer  plant 51.4 

Per  pound  equivalent  combustible  use<l  by  producer  plant 57. 4 


♦Oas-producer  hopper  leaked. 
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Horsepoiver  derelojted. 

Average  electrical  horeepower  available  for  outside  purposes, 

Average  electrical  horeepower  develoi>e<i  at  switch  l>oanl 

Average  brake  horsepower*  available  for  outside  purposes. . . 
Average  brake  horsepower  *  developed  at  engine 


189.1 
1»S.4 
228 
2:iS 


Coal  comumed  in  jiroducery  pfjtinds  per  horsepoirer  j^er  liour. 


Per  electrical  horsepower  available  for  outride  purpost*s. . 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower*  available  for  outside  purposes . . . 

Per  brake  horsepower*  developed  at  engine 

Equivalent  pounds  used  by  producer  [)lant  per  electrical 
horsepower  available  for  outside  purposes , 


Equivalent  pounds  use^l  by  producer  [)lant  p<T  electrical 
horeepower  developed  at  switch  board 


Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepower*  available  for  outside  jiurposes 


Eouivalent  pounds  used  by  producer  plant  per  brake 
noreepower*  developed  at  engine 


llrwi. 


1.85 
1.76 
1.57 
1.50 

2.11 

2. 01 

1.79 

1.71 


I)n'  vosii. 


1.62 
1.55 
1.37 
1.31 

1.84 

1.76 

1.56 

1.50 


Combu.s- 
tible. 


1.45 
1.38 
1.23 
1.17 

1.65 

1.57 

1.40 

1.34 


Average  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moisture 12.43 

Volatile  matter 32.65 

Fixed  carbon 45.  70 

Ash 9.22 

Sulphur 1.41 


«A8  BY  VOLUME.  PtT  CCnt. 

Carbon  dioxide 9.72 

Oxygen 12 

Carbon  monoxide 15. 12 

Hydrogen 9.98 

Methane 6.00 

Nitrogen 59.06 


100.00 


There  was  no  trouble  during  the  whole  of  the  test  of  Illinois  No.  4 
coal  in  keeping  the  producer  bed  in  good  condition.  The  coal  yielded 
a  large  amount  of  tar,  and  gave  a  rich,  uniform  gas,  which  left  no 
trace  of  tar  or  sulphur  in  the  engine  valves.  It  may  be  placed  among 
the  better  grade  of  gas-producer  coals. 

COAL,  IKDIAKA  NO.  1;  PBODUGEB-OAS  TEST  NO.  14.  t 

[Coal  from  Mildred  mine  of  the  J.  WoiiJley  Ccwl  Company,  MildrcMl,  Ind.;  teHted  December  2  and  S, 

1904.1 

Duration  of  test hours. 

Total  coal  congumed  in  producer poundn. . 

Moisture  in  coal l)er  cent. . 

Dry  coal  consumed  in  producer pounds. . 

Refuse  from  dry  coal jK»r  cent. . 

Total  refupe  from  coal pounds. . 

Total  combustible  consumed  in  prcKluccr pounds. - 


29.67 

11,700 

11.51 

10,360 

11.33 

1,180 

9,180 

*  Based  on  an  a8sumcd  cfnciency  of  85  per  cent  for  generator  and  bolt. 
fGuii-producvr  hopiter  iealccd. 
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Coal  cangumedf  pounds  per  hour. 

Coal  consumed  in  producer *. 394. 5 

Dry  coal  consumed  in  producer 349. 3 

Combustible  consumed  in  producer 309. 5 

E<]uivalent  coal  useil  by  producer  plant 434. 6 

E<|uivalent  dry  coal  used  by  producer  plant 384. 8 

E<iuivalent  combustible  used  by  producer  [)laut 341. 0 

Briiiifh  thermal  units. 

Per  pound  of  coal  as  fired 11, 534 

Per  pound  of  dry  coal 13, 037 

Per  pound  of  combustible 14,  720 

Per  cubic  ioi)i  of  standard  gas 153.  7 

From  standanl  gas  per  pound  dry  coal  burned  in  prtnlucer 7,  730 

From  standard  gas  per  hour  per  brake  horsepower 11, 480 

Gas  yroducedy  cubic  feet  (reduced  to  standfird). 

Total 521,100 

Per  hour 17,560 

Per  j)ound  coal  consumed  in  producer 44. 5 

Per  pound  dry  coal  consiuneil  in  producer 50. 3 

Per  pound  combustible  con8ume<l  in  i)roducer 56. 7 

Per  i)ound  equivalent  coal  use^l  by  producer  plant 40. 4 

Per  pound  equivalent  dry  coal  used  by  producer  plant 45. 6 

Per  pound  equivalent  combustible  used  by  producer  plant 51. 5 

Horsepower  dcrel(t])cd. 

Average  electrical  horsepower  available  for  outside  purposes 188. 3 

Average  electrical  horsepower  developed  at  switch  l)oard 199. 9 

Average  brake  horsepower*  available  for  outside  purposes 221. 5 

Average  brake  horsepower*  developed  at  engine 235 

Coal  consumed  in  producer^  jn^inds  per  horsepower  per  hour. 


Coal  OS 
fired. 

Dry  coal. 

Combus- 
tible. 

Per  electrical  horsepower  available  for  outside  purposes. . 

Per  electrical  horsepower  developed  at  switch  lM>ard 

Per  brake  horsepower*  available  for  outside  purposes 

Per  brake  horsepower*  developed  at  eneine 

2.10 
1.97 
1.78 
1.68 

2.31 

2.17 

1.96 

1.85 

1.86 
1.75 
1.58 
1.49 

2.04 

1.93 

1.74 

1.64 

1.64 
1.55 
1.40 
1.32 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 

1.81 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 

1.71 

Eanivalent  pounds  used  by  producer  plant   per  brake 
norsepower*  available  for  outside  purposes 

1.54 

Equivalent  pounds  used  by  producer  plant  per   brake 
norsepower*  developed  at  enfirine.  ..-• 

1.46 

♦Based  on  an  affnimcd  efficiency  of  85  por  cent  for  generator  and  belt. 
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Af^erage  composiiwii  of  coal  and  gag. 


COAL.  Percent. 

Moisture 11. 51 

V^olatile  matter 36. 04 

Fixed  carbon 42.37 

Ash 10.08 

Sulphur 2.61 


OAS  BY  VOLUME.  Per  cent 

Carbon  dioxide 9. 89 

Oxygen 25 

Carbon  monoxide 14. 10 

Hydrogen 9. 56 

Methane 6. 08 

Nitrogen 60.13 


100.01 


/ 


The  gas  from  Indiana  No.  1  coal  was  of  uniformly  good  quality.  No 
trouble  was  experienced  in  working  the  bed,  and  the  coal  may  be  con- 
sidered an  excellent  producer  fuel.  It  yielded  a  fair  amount  of  good 
black  tar. 

COAL,  nmiAKA  HO.  2;  PBODTTCER-OAS  TEST  HO.  18.* 

[Coal  from  Electric  mine  of  the  T.  D.  Soales  Coal  Company,  Boonville,  Ind.;  tcRted  November  28  and 

29. 1904.] 

Duration  of  test hours. . 

Total  coal  congume<l  in  produi^r pounds. . 

Moisture  in  coal l)er  cent. . 

Dry  coal  consumed  in  producer [)ound8. . 

Refuse  from  dry  coal per  cent. . 

Total  refuse  from  coal jx)undH. . 

Total  combustible  consumed  in  producer do 

Coal  coiisinmdj  poiunh  prr  hour. 

CJoal  consumed  in  producer 

Dry  coal  consumeii  in  producer 

Combustible  consumed  in  producer 

Equivalent  coal  used  by  producer  i)lant 

Equivalent  dry  coal  used  by  producer  plant 

Equivalent  conbustible  used  by  producer  plant 


2,100 

8.72 

1,917 

10.66 

204.  .3 

1, 712. 7 

300 

274 

244.8 

338 

312 

278.8 

British  thermal  units. 

Per  pound  of  coal  as  fireil 11, 822 

Per  pound  of  dry  coal 12, 953 

Per  j>ound  of  combustible 14, 500 

Per  cul)ic  foot  of  standanl  ^aw 159. 3 

From  standard  pas  j»er  )H)und  dry  coal  l>unie<i  in  producer 10, 140 

From  standard  gas  per  hour  i>er  brake  horsepower 11,  750 

Gas  prod  need  J  culncfeet  (reduced  to  ^andard). 

Total 122,160 

Per  hour 17,450 

58.2 

63.6 

71.3 

51.6 

55.9 

62.6 


Per  pound  coal  consumed  in  pro<luccr 

Per  pound  dry  coal  consume<l  in  pnMlncer 

Per  pound  combustible  consumed  in  prodticer 

Per  jH)und  equivalent  coal  iL^^ed  by  producer  plant 

Per  pound  equivalent  dry  coal  used  by  producer  plant 

Per  pound  equivalent  combustible  used  by  producer  plant 


*rjas-i>rodii<'(T  hopper  leaked. 
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Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 191. 4 

Average  electrical  horsepower  developed  at  switch  board 201 

Average  brake  horsepower f  available  for  outside  purposes 225 

Average  brake  horeepowerf  developed  at  engine 236. 5 

CooU  contumed  in  producer,  pounds  per  horsepower  per  hour. 


Cool  as 
fired. 

Dry  coal. 

Combua- 
tible. 

Per  electrical  horsepower  available  for  outside  purposes. . 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  f  available  for  outside  purposes. . . 
Per  brake  horsepower  f  developed  at  engine 

1.57 
1.49 
1.33 
1.27 

1.77 

1.68 

1.52 

1.43 

1.43 
1.36 
1.22 
1.16 

1.63 

1.55 

1.39 

1.32 

1.28 
1.22 
1.09 
1.03 

Eauivalent  pounds  used  by  proaucer  plant  per  elcctrifal 
horsepower  available  for  outside  purposes 

1.46 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  Ixmrd 

1.39 

Eauivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  available  for  outside  purposes 

1.24 

Eauivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  developed  at  eninne 

1.18 

Average  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moisture 8.72 

Volatile  matter 39.60 

Fixed  carbon 41. 95 

Ash 9.73 

Sulphur 4.23 


OA8  BY  VOLUME.  Percent. 

Carbon  dioxide 11. 80 

Oxygen 07 

Carbon  monoxide 11.46 

Hydrogen 10.60 

Methane 6. 10 

Nitrogen 59.97 


100.00 


The  Indiana  No.  2  coal  did  not  yield  particularly  good  results  during 
the  test.  The  gas  produced  from  it  was  difficult  to  clean  and  con- 
tained a  high  percentage  of  sulphur.  During  the  first  part  of  the  test 
the  gas  was  low  in  heat  value,  but  improved  in  quality  after  the  fuel 
bed  had  been  increased  in  depth.  This  shows  that  good  results  may 
be  obtained  from  this  coal  if  it  is  properly  fired  in  the  producer,  and 
if  adequate  facilities  are  provided  for  scrubbing  and  purifying  the  gas. 

t  Based  on  an  assamed  efficiency  of  85  per  cent  for  ^nerator  and  belt. 
BnlL  261-05 7 
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COAL,  nmiAK  TEBBITOBT  HO.  1,  PBODTTOSB-OAS  TEST  HO.'  L 

[Coal  from  mine  No.  1  of  the  Whitehead  Coal  and  Mining  Company,  Henryetta,  Ind.  T.;  tested 

October  S,  4,  5,  and  6, 1904.] 

Duration  of  test hours. .  31 

Total  cx)al  produced  in  producer pounds. .  11, 200 

Moisture  in  coal per  cent. .  5 

Dry  coal  consumed  in  producer pounds. .  10, 640 

Refuse  from  dry  coal per  cent. .  8. 96 

Total  refuse  from  coal pounds. .  955 

Total  combustible  consumed  in  producer do. ...  9, 685 

Coal  consumedj  pounds  per  hour. 

Coal  consumed  in  producer 361 

Dry  coal  consumed  in  proilucer 344 

Combustible  consumed  in  producer 312 

Equivalent  coal  used  by  producer  plant 392. 7 

Equivalent  dry  coal  used  by  producer  plant 374 

Equivalent  combustible  used  by  producer  plant 339. 3 

British  tliermal  units. 

Per  pound  of  coal 12, 787 

Per  pound  of  dry  coal 13, 455 

Per  pound  of  combustible 14, 800 

Per  cubic  feet  of  standard  gas 159. 15 

From  standard  gas  per  pound  dry  coal  burned  in  producer 8, 620 

From  standard  gas  per  hour  per  brake  horsepower 12, 350 

Gas  produced^  cubic  feet  (reduced  to  standard). 

Total 577,000 

Per  hour 18, 613 

Per  pound  coal  consumed  in  producer 51. 6 

Per  pound  dry  coal  consumed  in  producer 54. 1 

Per  pound  combustible  consumed  in  producer 59. 4 

Per  pound  equivalent  coal  used  by  producer  plant 47. 4 

Per  pound  equivalent  dry  coal  used  by  producer  plant 49. 9 

Per  pound  equivalent  combustible  used  by  producer  plant 54. 6 

Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 196 

Average  electrical  horsepower  developed  at  switch  board 204 

Average  brake  horsepower  f  available  for  outside  purposes 230 

Average  brake  horsepower  f  developed  at  engine 240 

t  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 
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Coal  consumed  in  producer,  pounds  per  horsepower  per  hour. 


Per  electrical  horsepower  available  for  outside  purposes. 

Per  electrical  hoisepower  developed  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes .. 
Per  brake  horsepower  t  developed  at  engine 


Eouivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  available  for  outside  purposes 


Eouivalent  i)ounds  used  by  producer  plant  per  electrical 
norsepower  developed  at  switch  board 


Equivalent  pounds  used  by  producer  plant  per  brake 
hi  


lorsepowerf  available  for  outside  purposes 


Eouivalent  pounds  used  by  producer  plant  per  brake 
norsepowerf  developed  at  engine 


coal 
asflred. 

Dry  coal. 

1.84 

1.76 

1.77 

1.69 

1.57 

1.50 

1.50 

1.43 

2.00 

1.91 

1.92 

1.83 

1.71 

1.62 

1.64 

1.56 

Combus- 
tible. 


1.59 
1.53 
1.36 
1.30 

1.73 

1.66 

1.47 

1.41 


t  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


Average  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moisture 5. 00 

Volatile  matter 36. 51 

Fixed  carbon 49.98 

Ash 8.51 

Sulphur 1.43 


OAS  BY  VOLUME.  Per  cent. 

Carbon  dioxide 8. 25 

Oxygen 11 

Carbon  monoxide 19. 39 

Hydrogen 7.69 

Methane 4. 92 

Nitrogen 69.65 


100.01 


Indian  Territory  coal  No.  1  is  a  moderately  free-burning  coal.  It 
caked  fairly  well  in  the  producer  and  made  a  good  top  crust,  which 
was  easily  worked.  It  was  charged  into  the  producer  after  being 
crushed  and  screened  over  a  half -inch  screen.  This  was  done  while  it 
was  wet,  and  considerable  slack  was  carried  over  with  the  lumps. 

This  coal  may  be  considered  a  good  producer  coal. 

COAL,  KEKTVCKT  HO.  8;  PRODUGER-OAS  TEST  HO.  18.* 

[Coal  from  BaiUBley  mine  of  the  St.  Bernard  Mining  Company,  Earlington,  Ky.;  tested  November  25 

and  26, 1904.] 

Duration  of  test hours. . 

Total  coal  consumed  in  producer pounds. . 

Moisture  in  coal per  cent. . 

Dry  coal  consumed  in  producer pounds. . 

Refuse  from  dry  coal per  cent. . 

Total  refuse  from  coal pounds. . 

Total  combustible  consumed  in  producer do 


ao 

11,100 

•7.28 
10,300 

9.69 
1,000 
9,300 


*Qa»-producer  hopper  leaked. 
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Coal  contumedf  pounds  per  hour. 

Coal  consumed  in  producer 370 

Dry  coal  consumed  in  producer 343.3 

Combustible  consumed  in  producer 1 310 

Equivalent  coal  used  by  producer  plant 410.8 

Equivalent  dry  coal  used  by  producer  plant 381.2 

Equivalent  combustible  used  by  producer  plant 344.2 

BrUish  thermal  units. 

Per  pound  of  coal  as  fired 12,283 

Per  pound  of  dry  coal 13,226 

Per  pound  of  combustible 14, 650 

Per  cubic  foot  of  standard  gas 155. 9 

From  standard  gas  per  pound  dry  coal  burned  in  producer 8, 610 

From  standard  gas  per  hour  per  brake  horsepower 12, 540 

Oas  produced,  cubic  feet  {reduced  to  standard). 

Total 668,295 

Per  hour 18,943 

Per  pound  coal  consumed  in  producer 51. 2 

Per  pound  dry  coal  consumed  in  producer 55. 1 

Per  pound  combustible  consumed  in  producer 61. 1 

Per  pound  equivalent  coal  used  by  producer  plant 46. 2 

Per  pound  equivalent  dry  coal  used  by  producer  plant 49. 7 

Per  pound  equivalent  combustible  used  by  producer  plant 55 

Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 189. 8 

Average  electrical  horsepower  developed  at  switch  board 200. 5 

Average  brake  horsepower  t  available  for  outside  purposes 223. 5 

Average  brake  horsepower  t  developed  at  engine 235. 5 

Coal  consumed  in  producer,  pounds  per  horsepower  per  hour. 


Per  electrical    horsepower  available   for  outside   pur- 
poses   

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes . . . 

Per  brake  horsepower  f  developed  at  engine 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 

Equivalent  pounds  used  by  producer  plant  per  brake 
horsepower!  available  for  outside  purposes 

Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepowerf  developed  at  engine 


Ck>al  as 
flred. 


1.95 
1.85 
1.66 
1.57 

2.16 

2.05 

1.84 

1.75 


Dry  coal. 


1.81 
1.71 
1.54 
1.46 

2.01 

1.91 

1.71 

1.62 


CombuB- 
tible.. 


1.63 
1.55 
1.39 
1.32 

1.81 

1.72 

1.54 

1.46 


t  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 
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Average  composition  dfdoalMnd  gas. 


COAL.  Per  cent. 

Moisture 7. 28 

Volatile  matter 38.57 

Fixed  carbon 45. 16 

Ash 8.99 

Sulphur 3.86 


gaA  py  'VOLUME.  Per  cent. 

Carbon  dioxide  .'.:.* 10. 87 

Oxygen : . .  .^ 29 

Carbon  monoxide  ..:: ; 12.46 

Hydrogen -     10.92 

Methane '. ---/:.';  «. 52 

Nitrogen .V.-  ^.9^ 

* 

loo.'ea 


The  Kentucky  No.  3  is  a  hard  bituminous  coal  and  burned  in  the 
producer  with  a  hard  top  crust.  It  yielded  good  gas  of  uniform 
quality  and  clean  black  tar.     It  is  well  adapted  for  producer  gas. 

COAL,  MISSOUBI  KO.  8;  PBODVOSS-OAS  TEST  KO.  7.* 

[Coal  from  mine  No.  8  of  the  Northwestern  Coal  and  Mining  Company,  Bevier,  Mo.;  tested  November 

8, 1904.] 

Duration  of  teet hours. .  4. 33 

Total  coal  consumed  in  producer pounds. .  1, 600 

Moisture  in  coal per  cent. .  11. 6 

Dry  coal  consumed  in  producer pounds. .  1, 326 

Refuse  from  dry  coal per  cent. .  16. 79 

Total  refuse  from  coal pounds. .  223 

Total  combustible  consumed  in  producer do 1, 103 

Coal  consumedy  pounds  per  hour. 

Coal  consumed  in  producer 346. 5 

Dry  coal  consumed  in  producer 306 

Combustible  consumed  in  producer 255 

Equivalent  coal  used  by  producer  plant 384. 5 

Equivalent  dry  coal  used  by  producer  plant 339. 6 

Equivalent  combustible  usc^  by  producer  plant 283 

British  thermal  unUs. 

Per  pound  of  coal  as  fired , 10, 505 

Per  pound  of  dry  coal 11,882 

Per  pound  of  combustible 14, 280 

Per  cubic  foot  of  standard  gas 140 

From  standard  gas  per  pound  dry  coal  burned  in  producer 8, 820 

From  standard  gas  per  hour  per  brake  horsepower 11, 560 

Oaaproducedf  cubic  feet  {reduced  to  standard). 

Total 83,545 

Per  hour 19,300 

Per  pound  coal  consumed  in  producer 56. 7 

Per  pound  dry  coal  consumed  in  producer 63 

Per  pound  combustible  consumed  in  producer 75. 7 

Per  pound  equivalent  coal  used  by  producer  plant 60. 2 

Per  pound  equivalent  dry  coal  used  by  producer  plant 56. 8 

Per  pound  equivalent  combustible  used  by  producer  plant 68.2 

*  Qas-producer  hopper  leaked. 
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ffaegepoUfer  developed. 

Average  electrical  hoTeepow^ir  a^nilable  for  oatside  parpoeefl 

Average  electrical  horacpoVeir  developed  at  switch  board 

Average  brake  hora^ptowBr  t  available  for  outside  purposes 

Average  brake  liorsep^wer  t  developed  at  engine 

..  ■:::Sp^con.urne,inpro<luc.,pounasperHorsep<^^^.ur. 


185.7 
198.6 
218.5 
233.5 


_______ , 

.  •  •  • 

.  ••  •  • 

•  • 

CkMil  as 
fired. 

Dry  coal. 

Combus- 
tible. 

•  • 

• 

Per  electrical  horsepower  available  for  outside  purposes. . 

Per  electrical  horsepower  developed  at  swit(»h  board 

Per  brake  horsepower  t  available  for  outside  purposes 

Per  brake  horsepower  t  developed  at  ensdne 

1.87 
1.74 
1.59 
1.48 

2.07 

1.94 

1.76 

1.65 

i.a5 

1.54 
1.40 
1.31 

1.83 

1.71 

1.55 

1.45 

1.37 
1.28 
1.17 
1.09 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  available  for  outside  purposes 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  developed  at  switch  board 

1.52 
1.43 

Eauivalent  pounds  used  by  producer  plant  per  brake 
norsepower  t  available  for  outside  purposes 

1.30 

Eauivalent  pounds  used  by  producer  plant  per  brake 
norsepower  t  developed  at  encrine 

1.21 

Average  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moisture 11. 60 

Volatile  matter 35. 28 

Fixed  carbon 38.28 

Ash 14.84 

Bulphur 4. 56 


OA8  BY  VOLUME.  PCI  Cent 

Carbon  dioxide 12. 07 

Oxygen 20 

Carbon  monoxide 10. 53 

Hydrogen 7.63 

Methane 6. 33 

Nitrogen 63.23 


99.99 


In  using  Missouri  No.  2  coal  some  difficulty  was  experienced  in 
keeping  the  bed  in  good  condition,  owing  to  its  tendency  to  break 
open  in  spots.  The  high  percentage  of  sulphur  in  the  coal  did  not 
add  to  its  value  as  a  producer  fuel,  but  the  writer's  opinion  is  that  it 
can  be  used  to  advantage  in  producers  by  increasing  the  facilities  for 
purifying. 

GOAL,  MONTAKA  NO.  1;  FB0BUCEB-OA8  TEST  NO.  6.* 


[Coal  from  mine  near  Red  Lodge,  Mont.;  tested  October  24-25, 1904.] 

Duration  of  test hours. . 

Total  coal  consumed  in  producer pounds. . 

Moisture  in  coal per  cent. . 

Dry  coal  consumed  in  producer pounds. . 

Refuse  from  dry  coal per  cent. . 

Total  refuse  from  coal pounds. . 

Total  combustible  consumed  in  producer do 


22.33 
10,200 

11.4 
9,037 

12.12 
1,095 
7,942 


*  Oa«-producer  hopper  leaked. 
f  Baaed  on  an  aasamed  efficiency  of  85  per  cent  toi  geneniAAx  ah^YmW. 
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Coal  corutumedf  pounds  per  hour. 

Coal  consumed  in  producer 456. 5 

Dry  coal  consumed  in  producer 404. 5 

Combustible  consumed  in  producer 355. 8  • 

Equivalent  coal  used  by  producer  plant 506. 8 

Equivalent  dry  coal  used  by  producer  plant 449. 1 

Equivalent  combustible  used  by  producer  plant 395 

British  thermal  units. 

Per  pound  of  coal  as  fired 10, 575 

Per  pound  of  dry  coal 11, 934 

Per  pound  of  combustible 13, 580 

Per  cubic  foot  of  standard  gas 160. 8 

From  standard  f^  per  pound  of  dry  coal  burned  in  producer 6, 580 

From  standard  gas  per  hour  per  brake  horsepower 11, 340 

Oas  produced,  cubic  feet  {reduced  to  standard). 

Total 369,500 

Per  hour 16,540 

Per  pound  coal  consumed  in  producer 36. 23 

Per  pound  diy  coal  consumed  in  producer 40. 89 

Per  pound  combustible  consumed  in  producer 46. 50 

Per  pound  equivalent  coal  used  by  producer  plant 32. 64 

Per  pound  equivalent  dry  coal  used  by  producer  plant 36. 80 

Per  pound  equivalent  combustible  used  by  producer  plant 41. 90 

Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 191 

Average  electrical  horsepower  developed  at  switchboard 199. 5 

Average  brake  horsepower  t  available  for  outside  purposes 224. 8 

Average  brake  horsepower  t  developed  at  engine 234.7 

Coal  consumed  in  producer,  pounds  per  horsepower  per  hour. 


Per  electrical  horsepower  available  for  outside  purposes. . . 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  f  available  for  outside  purposes  . . . 

Per  brake  horsepower  t  developed  at  engine 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  available  for  outside  purposes 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  developed  at  switch  board 

Eauivalent  pounds  used  by  producer  plant  per  brake 
norsepower  t  available  for  outside  purposes 


Eauivalent  pounds  used  by  producer  plant  per  brake 
norsepowert  developed  at  engine 


Coal  as 
fired. 

Dry  coal. 

2.39 

2.12 

2.29 

2.03 

2.03 

1.80 

1.95 

1.72 

2.65 

2.35 

2.54 

2.26 

2.26 

2.00 

2.16 

1.91 

Combiu- 
tible. 


1.86 
1.78 
1.58 
1.62 

2.07 

1.98 

1.76 

1.68 


fBaied  on  an  tMiuned  efficiency  of  86  per  cent  for  j^enerator  and  belt. 
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Average  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moistare 11. 40 

Volatile  matter 34. 55 

Fixed  carbon 43. 31 

Ash 10.74 

Sulphur 1.72 


GAS  BY  VOLUME.  Percent. 

Carbon  dioxide 9. 04 

Oxygen 36 

Carbon  monoxide 18. 67 

Hydrogen 8.00 

Methane 4. 84 

Nitrogen 59.10 


100.01 


The  Montana  No.  1  coal  was  a  washed  slack.  It  made  good  gas, 
but  was  too  fine  to  be  burned  at  the  rated  output  of  the  producer.  It 
cliukered  badly,  causing  the  blast  to  break  through  the  bed  in  two  or 
three  places  and  make  bad  holes.  The  test  is  valuable  principally  as 
a  demonstration  that  good  gas  can  be  made  from  coal  of  this  class. 

It  is  recommended  that  a  water  seal  type  of  producer  be  used  for 
fuel  of  this  class,  and  also  that  the  coal  be  fed  in  sizes  not  smaller  than 
chestnut.  In  using  lump  coal  the  producer  should  be  20  per  cent 
larger  for  the  same  horsepower  than  one  running  on  ordinary  coal; 
and  for  slack  from  25  to  30  per  cent  larger. 

After  this  test  the  bed  of  ashes  was  drawn  from  the  producer,  as 
the  large  clinkers  would  have  been  detrimental  to  the  next  following 
test. 

GOAL,  NOBTH  DAKOTA  NO.  2;  FB0DUCEB-OA8  TEST  NO.  10.* 

[Coal  from  the  mine  of  the  Cedar  Coalee  Coal  Company,  near  Williston,  N.  Dak.;  tested  November 

14, 15, 1904.] 

Duration  of  test hours..  30 

Total  coal  consumed  in  producer pounds. .  13, 800 

Moisture  in  coal per  cent. .  39. 56 

Dry  coal  consumed  in  producer pounds. .  8, 340 

Refuse  from  dry  coal per  cent. .  10. 53 

Total  refuse  from  coal pounds. .  878 

Total  combustible  consumed  in  producer do 7, 462 

Coal  consumedj  pounds  per  hour. 

Coal  consumed  in  producer 460 

Dry  coal  consumed  in  producer 278 

Combustible  consumed  in  producer 249 

Equivalent  coal  used  by  producer  plant 510 

Equivalent  dry  coal  used  by  producer  plant 308 

Equivalent  combustible  used  by  producer  plant 276. 8 

British  thermal  units. 

Per  pound  of  coal  as  fired 6,802 

Per  pound  of  dry  coal 11, 255 

Per  pound  of  combustible 12, 600 

Per  cubic  foot  of  standard  gas 188. 5 

From  standard  gas  per  pound  dry  coal  burned  in  producer 7, 830 

From  standard  gas  per  hour  per  brake  horsepower 13, 770 

*  Gas-producer  hopper  leaked. 
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Q<u  produced,  cubic  feet  (reduced  to  standard). 

Total :^400 

Per  hour 11,550 

Per  pound  coal  consumed  in  producer 25. 15 

Per  pound  dry  coal  consumed  in  producer 41. 58 

Per  pound  combustible  consumed  in  producer 46. 42 

Per  pound  equivalent  coal  used  by  producer  plant 22. 68 

Per  pound  equivalent  dry  coal  used  by  producer  plant 37. 5 

Per  pound  equivalent  combustible  used  by  producer  plant 41. 88 

Hor8epov:er  developed. 

Average  electrical  horsepower  available  for  outside  purposes 125. 1 

Average  electrical  horsepower  developed  at  -switch  board 134. 2 

Average  brake  horsepower!  available  for  outside  purposes    147.3 

Average  brake  horsepower!  developed  at  engine 158 

Coal  coruumed  in  producer,  pounds  per  horsepower  per  hour. 


Coal  M 

fired. 

Dry  coal. 

Combus- 
tible. 

Per  electrical  horsepower  available  for  outside  pur|)ose8. . 

3.67 

2.22 

1.99 

Per  electrical  horsepower  developed  at  switch  board 

3.42 

2.07 

1.86 

Per  brake  horsepower  f  available  for  outside  purposes  . . . 

3.13 

1.89 

1.69 

Per  brake  horsepower t  developed  at  engine 

2.91 

1.76 

1.58 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 

4.07 

2.46 

2.20 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 

3.80 

2.29 

2.05 

Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  available  for  outside  purposes 

3.47 

2.09 

1.88 

Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  developed  at  ensine 

3.23 

1.95 

1.74 

Average  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moisture 39.56 

Volatile  matter 27. 78 

Fixed  carbon 26.30 

Ash 6.36 

Sulphur 93 


OAB  BT  voLUMK.  Per  Cent. 

Carbon  dioxide 8. 69 

Oxygen .23 

Carbon  monoxide 20. 90 

Hydrogen 14.33 

Methane 4. 85 

Nitrogen 51. 02 


100.02 


This  brown  lignite  would  be  an  ideal  gas-producer  fuel  but  for  its 
tendency  to  clinker.  It  yielded  a  rich  gas  and  not  so  very  much  tar. 
This  tar  was  yellow  and  sticky  and  not  at  all  like  that  from  bitumi- 
nous coal.  The  bed  had  to  be  carried  deeper  than  for  soft  coal  and  had 
to  be  poked  frequently  to  prevent  the  formation  of  clinkers.     After 

t  Baaed  on  an  aaramed  efficienc^y  of  85  per  cent  for  geii«iaiox  axi^\>e\X, 
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thirty  hours'  contiouous  run  the  bed  was  in  good  condition,  and  the 

test  could  have  been  continued  or  a  new  run  begun  without  renewing 
the  producer  bed. 

During  the  test  the  engine  carried  only  two  thirds  of  its  normal 
load,  but  there  seems  to  be  no  doubt  that  it  could  have  carried  full 
load  throughout  the  entire  run. 

GOAL,  TEXAS  NO.  I;  FB0BUCEB-OA8  TEST  NO.  II.« 

[Coal  from  the  mine  of  the  Houston  County  Coal  and  Manufacturing  Company,  nearCrockett,  Tex.; 

tested  November  21,  22, 1904.] 

Duration  of  test hours.  -  21. 67 

Total  coal  consumed  in  producer pounds. .  12, 800 

Moisture  in  coal per  cent. .  33. 60 

Dry  coal  consumed  in  producer pounds..  8,610 

Refuse  from  dry  coal per  cent. .  16. 86 

Total  refuse  from  coal pounds. .  1, 327 

Total  combustible  consumed  in  producer do 7, 183 

Coal  consumed^  pounds  per  hour. 

Coal  consumed  in  producer 690 

Dry  coal  consumed  in  producer 393 

Combustible  consumed  in  producer 332 

Equivalent  coal  used  by  producer  plant 660 

Equivalent  dry  coal  used  by  producer  plant 439. 6 

Equivalent  combustible  used  by  producer  plant 371. 3 

British  thermal  units. 

Per  pound  of  coal  as  fired 7, 267 

Per  pound  of  dry  coal 10, 928 

Per  pound  of  combustible 12, 946 

Per  cubic  foot  of  standard  gas 169. 7 

From  standard  gas  per  pound  dry  coal  burned  in  producer 7, 260 

From  standard  gas  per  hour  per  brake  horsepower 12, 230 

Gas  produced^  cubic  feet  {reduced  to  standard). 

Total 363,664 

Per  hour 16, 800 

Per  pound  coal  consumed  in  producer 28. 4 

Per  pound  dry  coal  consumed  in  producer 42. 7 

Per  pound  combustible  consumed  in  producer 60. 6 

Per  pound  equivalent  coal  used  by  producer  plant 26. 6 

Per  pound  equivalent  dry  coal  used  by  producer  plant 38. 2 

Per  pound  equivalent  combustible  used  by  producer  plant 46. 3 

Horsepotuer  developed. 

Average  electrical  horsepower  available  for  outside  purposes 187 

Average  electrical  horsepower  developed  at  switch  board 198 

Average  brake  horsepower  t  available  for  outside  purposes 220 

Average  brake  horsepower  t  developed  at  engine 233 

*  Gas-producer  hopper  leaked. 

t  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 
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Ckxd  consumed  in  producer ^  pounds  per  horsepower  per  hour. 


Coal  as 
fired. 

Dry  coal. 

Combus- 
Uble. 

Per  electrical  horsepower  available  for  outside  purposes. . 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes  . . . 
Per  brake  horsepower t  developed  at  eneine ,-... 

3.16 
2.98 
2.68 
2.64 

3.63 

3.34 

3.00 

2.83 

2.10 
1.99 
1.79 
1.69 

2.36 

2,22 

2.20 

1.99 

1.78 
1.68 
1.61 
1.43 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes. .. ...-.-. 

1.99 

Eauivalent  pounds  used  by  producer  plant  per  eiectnca* 
horsepower  developed  at  switch  board ., . 

1.88 

Eauivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  available  for  outside  purposes 

1.69 

Eauivalent  pounds  used  by  producer  plant  per  brake 
norsepower  t  developed  at  eneine 

1.60 

t  Baaed  on  an  aasomed  efficiency  of  85  per  cent  for  generator  and  belt. 
Average  composition  of  coal  and  gas. 


COAL.  Percent. 

Moisture 33. 60 

Volatile  matter 32. 34 

Fixed  carbon .  23.80 

Ash 10.36 

Sulphur 63 


GAS  BY  VOLUME.  Per  cent. 

Carbon  dioxide 11. 10 

Oxygen 22 

Carbon  monoxide 14. 43 

Hydrogen 10. 64 

Methane 7. 48 

Nitrogen 66.22 


99.99 


The  Texas  No.  1  is  a  brown  lignite  strong!}^  resembling  that  pre- 
viously tested  from  North  Dakota.  The  gas  from  it  was  not  so  rich 
as  that  from  the  North  Dakota  lignite,  but  it  was  higher  in  heat  units 
than  is  the  gas  obtained  from  ordinary  soft  coal.  The  lignite  was 
more  difficult  to  handle  in  the  producer  than  bituminous  coal,  but 
by  frequent  poking  and  by  supplying  the  right  amount  of  air  to  the 
producer  the  bed  was  kept  in  good  condition,  and  at  the  end  of  the 
thirty-hour  test  it  was  possible  to  break  up  the  clinkers  in  the  bed, 
requiring  the  removal  of  only  a  few  ashes  before  beginning  a  new 
test.  This  lignite  yielded  a  large  amount  of  tar  of  the  same  kind  as 
the  lignite  previously  tested.  As  a  producer  fuel  it  is  better  than 
many  grades  of  bituminous  coal. 

COAL,  TEXAS  NO.  2;  FB0BUCES-OA8  TEST  NO.  18. 

[Coal  from  Consumers  Lignite  Company,  Hoyt,  Tex.;  tested  December  21,  22, 1904.] 

Doration  of  test hours. .  19. 33 

Total  coal  consumed  in  producer pounds. .  9, 050 

Moisture  in  coal per  cent. .  33. 71 

Dry  coal  consumed  in  producer pounds. .  5, 999 

Refuse  from  dry  coal per  cent. .  10. 98 

Total  refuse  from  coal pounds..  658.7 

Total  comht20tible  cozwamed  in  producer do....  ^^^ASi,^ 
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Coal  consumed,  pounds  per  hour^ 

Coal  consumed  in  producer 468 

Dry  coal  consumed  in  producer 310.3 

Combustible  consumed  in  producer • 276. 2 

Equivalent  coal  used  by  producer  plant 519. 5 

Equivalent  dry  coal  used  by  producer  plant 344. 4 

Equivalent  combustible  used  by  producer  plant 306. 6 

BrUish  thermal  units. 

Per  pound  of  coal  as  fired 7, 348 

Per  pound  of  dry  coal 11, 086 

Per  pound  of  combustible 12, 460 

Per  cubic  foot  of  standard  gas 166. 2 

.  From  standard  gas  per  pound  dry  coal  burned  in  producer 8, 060 

From  standard  gas  per  hour  per  brake  horsepower 10, 670 

Gas  produced,  cubic  feet  {reduced  to  standard). 

Total 309,140 

Per  hour 16,009 

Per  pound  coal  consumed  in  producer 34. 2 

Per  pound  dry  coal  consumed  in  producer 61. 6 

Per  pound  combustible  consumed  in  producer 67. 9 

Per  pound  equivalent  coal  used  by  producer  plant 30. 8 

Per  pound  equivalent  dry  coal  used  by  producer  plant 46. 4 

Per  pound  equivalent  combustible  used  by  producer  plant 62. 2 

Horsepower  developed. 

Average  electncal  horsepower  available  for  outeide  purposes 189. 6 

Average  electrical  horsepower  developed  at  switch  board 201. 2 

Average  brake  horsepower  t  available  for  outside  purposes 223 

Average  brake  horsepower  t  developed  at  engine 236. 5 

Coal  consumed f  pounds  per  horsepou>er  per  hour. 


Combus- 
tible. 


Per  electrical  horsepower  available  for  outeide  purpKJses. . 

Per  electrical  horsepower  develoi)e(l  at  switch  Iward 

Per  brake  horsepower  t  availa])le  for  outeide  purpo«?s 

Per  brake  horsepower  t  developed  at  engine 

Pxjuivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 

p](iuivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 

Fxjuivalent  pounds  used  by  producer  plant  per  brake 
norsepower  t  available  for  outeide  purposes 

Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  developed  at  engine 


t  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 
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AiTerage  compoeition  of  coal  and  gas. 


ooAL.  Per  cent. 

Moifltore 33.71 

Volatile  matter 29.25 

Fixed  carbon 29.76 

Ash 7.28 

Sulphur 53 


GAS  BY  yoLiTME.  Percent. 

Carbon  dioxide 9.60 

Oxygen 20 

Carbon  monoxide 18. 22 

Hydrogen 9. 63 

Methane 4. 81 

Nitrogen 57. 53 


99.99 

Texas  No.  2  is  a  brown  lignite  that  gave  highly  satisfactory  results 
in  the  producer,  yielding  a  rich,  uniform  gas  and  a  large  amount  of 
yellow  tar.     It  is  an  excellent  fuel  for  producers. 

COAL,  WEST  YXBOnriA  NO.  1;  FB0BU0EB-OA8  TEST  NO.  8. 

[Coal  from  the  mine  of  the  Virginia  and  Pitteburg  Coal  Company,  Kingmont,  W.  Va.:  tested  October 

17,  18, 1904.] 

Duration  of  test hours. .  24 

Total  coal  consumed  in  producer pounds. .  6, 900  . 

Moisture  in  coal per  cent. .  1. 61 

Dry  coal  consumed  in  producer pounds. .  6, 790 

Refuse  from  dry  coal pe^  cent. .  6. 24 

Total  refuse  from  coal pounds. .  423. 5 

Total  combustible  consumed  in  producer do 6, 366. 6 

Coal  consumed^  pounds  per  hour. 

Coal  consumed  in  producer 287. 5 

Dry  coal  consumed  in  producer 283 

Combustible  consumed  in  producer 265. 6 

Equivalent  coal  used  by  producer  plant 320. 6 

Equivalent  dry  coal  used  by  producer  plant 315. 6 

Equivalent  combustible  used  by  producer  plant 296. 1 

British  thermal  units. 

Pfer  pound  of  coal 14,166 

Per  pound  of  dry  coal 14, 396 

Per  pound  of  combustible 15, 350 

Per  cubic  foot  of  standard  gas 144. 4 

Prom  standard  gas  per  pound  dry  coal  burned  in  producer 9, 260 

From  standard  gas  per  hour  per  brake  horsepower 1 11, 130 

Oasproducedj  cubic  feet  {reduced  to  standard) . 

Total 435,500 

Per  hour 18,150 

Per  pound  coal  consumed  in  producer 63. 2 

Per  pound  dry  coal  consumed  in  producer 64. 1 

Per  pound  combustible  consumed  in  producer 68. 4 

Per  pound  equivalent  coal  used  by  producer  plant 56.6 

Per  pound  equivalent  dry  coal  used  by  producer  plant 57. 5 

Per  pound  equivalent  combustible  used  by  producer  plant 61. 3 
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Horsepatoer  developed. 

Average  electrical  horsepower  available  for  outside  purposes 190. 1 

Averaf^e  electrical  horsepower  developed  at  switchboard 200. 4 

Average  brake  horsepower  t  available  for  outside  purposes 223. 8 

Average  brake  horsepower!  developed  at  engine 235. 5 

Coal  conaumed  in  produar,  pounds  per  horsepower  per  hour. 


Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

Per  electrical  horsepower  available  for  outside  purposes. . 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes 

Per  brake  horsepower t  developed  at  eneine 

1.61 
1.43 
1.29 
1.22 

1.69 

1.60 

1.43 

1.36 

1.49 
1.41 
1.27 
1.20 

1.66 

1.67 

1.41 

1.34 

1.40 
L33 
1.19 
1.13 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 

1.56 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  developed  at  switch  board 

1.48 

Eouivalent  pounds  used  by  proclucer  plant  per  brake 
norsepower  t  available  for  outside  purposes 

1.33 

Eouivalent  pounds  used  by  producer  plant  per  brake 
norsepower  tdeveloped  at  encdne 

1.26 

Average  composition  of  coal  and  gas. 


COAL 


Per  cent. 

Moisture 1. 61 

Volatile  matter 36. 85 

Fixed  carbon 55. 40 

Ash 6.14 


Sulphur 


.87 


OA8  BY  VOLUME.  Per  cent 

Carbon  dioxide 10. 50 

Oxygen 10 

Carbon  monoxide 14. 34 

Hydrogen 2. 81 

Methane 5. 56 

Nitrogen 66. 69 

100.00 


Previous  to  starting  the  test  on  this  coal  the  tar  extractor  was  removed 
and  a  new  one  substituted.  As  it  was  necessiiry  to  take  the  producer 
operator  from  his  work  to  assist  in  placing  the  new  extractor,  the  pro- 
ducer did  not  receive  any  attention  for  a  few  da3'^s  and  was  in  bad  con- 
dition when  the  test  was  started.  It  was  thought  best  to  see  if  the 
producer  could  be  made  to  carry  full  load  and  build  up  its  bed  into 
good  running  condition  at  the  same  time.  The  load  was  carried  and 
the  producer  was  in  good  shape  for  the  official  test  six  hours  after 
being  put  into  operation. 

As  the  coal  contained  about  60  per  cent  slack,  the  producer  was  run 
with  a  hot  bed,  in  order  to  coke  the  coal  quickly  after  it  fell  on  the 
fire.  It  made  a  good  top  coke,  which  was  readily  handled.  The  fire 
was  easily  managed  and  the  coal  may  be  considered  an  excellent  fuel 
for  producers. 


fBaeed  on  an  awumed  efficiency  of  85  per  cent  for  generator  and  belt. 
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COAL,  WEST  YIBOnriA  NO.  4;  FS0BUCEB-0A8  TEST  HO.  4. 

[Coal  from  the  mine  of  the  West  Virginia  Coal  Company,  Brets,  W.  Va.;  teated  October  20, 1901] 

Duration  of  test hours. .  6 

Total  coal  consumed  in  producer pounds. .  2, 100 

Moisture  in  coal per  cent. .  1. 99 

Dry  coal  consumed  in  producer pounds. .  2, 058. 2 

Refuse  from  dry  coal per  cent. .  9 

Total  refuse  from  coal pounds. .  184. 9 

Total  combustible  consumed  in  producer pounds. .  1, 873. 3 

Coal  consumed,  pounds  per  hour. 

Coal  consumed  in  producer 233 

Dry  coal  consumed  in  producer 229 

Combustible  consumed  in  producer 208 

Equivalent  coal  used  by  producer  plant 262. 8 

Equivalent  dry  coal  used  by  producer  plant 258. 2 

Equivalent  combustible  used  by  producer  plant 234. 5 

British  thermal  unOs. 

Per  pound  of  coal 1 3, 918 

Per  pound  of  dry  coal 14, 202 

Per  pound  of  combustible 15, 600 

Per  cubic  foot  of  standard  gas 143. 2 

From  standard  gas  per  pound  dry  coal  burned  in  producer 11, 610 

From  standard  gas  per  hour  per  brake  horsepower 11, 320 

• 
Qa^ produced,  cubic  fed  {reduced  to  standard). 

Total 167,000 

Per  hour 18,560 

Per  pound  coal  consumed  in  producer 79. 6 

Per  pound  dry  coal  consumed  in  producer 81. 2 

Per  pound  combustible  consumed  in  producer 89, 2 

Per  pound  equivalent  coal  used  by  producer  plant 70. 6 

Per  pound  equivalent  dry  coal  used  by  producer  plant 71, 9 

Per  pound  equivalent  combustible  used  by  producer  plant 79. 2 

Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 189. 2 

Average  electrical  horsepower  developed  at  switch  board 199.  7 

Average  brake  horsepowerf  available  for  outside  purposes 222. 5 

Average  brake  horsepowerf  developed  at  engine 236 

t  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt 
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Coal  consumed  in  jn-oducer,  pounds  per  horsepower  per  hour. 


Coal  SB 
flred. 


Per  electrical  horsepower  available  for  outside  purposes. . I 

Per  electrical  horsepower  develope<l  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes  . . 
Per  brake  horsepower!  developed  at  engine 


Enuivalent  pounds  used  by  producer  plant  per  electrical 
Horsepower  available  for  outside  purposes 


1.23 
1.17 
1.05 
.992 

1.39 

Eouivalent  |>ounds  used  by  pnxlucer  plant  per  electrical  ' 
norsepower  developer!  at  switch  l)oard ,     1. 32 

Ecjuivalent  pounds  used  by  producer  plant  per  brake 
norsei)owert  available  for  outside  purposes :    1. 18 

Enuivalent  p<.)und8  used  by  producer  plant  \>er  brake 
norsei»owert  developed  at  engine j    1. 12 


Dryooal. 


Combaf> 
tible. 


1.21 
1.15 
LOS 
.975 


1.10 
1.04 
.  <J35 


L36 

1.24 

L29 

L17 

1.16 

LOS 

LIO 

.  998 

Sulphur 


t  Based  on  hii  assumed  eflicicncy  of  85  per  cent  for  generator  and  belt. 

Arerage  com})Of(ition  of  coal  and  gas. 

Percent.  !  gas  by  volume.  Percent 

1.99  I  Carbon  dioxide 10.16 

Oxygen 24 

Carbon  monoxide 15. 82 

Hydrogen 11. 16 

Methane 3.74 

Nitrogen 58.88 


roAL. 

Moisture 

Volatile  matter 28.  89 

Fixed  carbon 60.  :iO 

Ash 8.82 


ro 


100.00 

The  West  Viri^inia  No.  4  coal  is  soft  and  friable,  reaching  the  pro- 
ducer mainly  as  8la<'k.  It  coked  well  on  top  of  the  bed  and  was 
readily  worked.  It  piomiscd  to  j^ivethe  largest  yield  of  gas  of  all  the 
coals  used  thus  far.  Owing  to  the  small  supply  of  coal  available  the 
test  was  necessarily  of  short  duration,  but  enough  was  done  to  show 
that  it  is  an  excellent  gas-producer  coal. 

COAL,  WEST  VIBOINIA  NO.  9,  FB0BUCEB-OA8  TEST  HO.  17. 

[Coal  from  Vulcan  mine  of  the  Mount  Carbon  Coal  Company  (Limited),  Powellton,  W.  Va.;  teited 

December.  19.  1904.] 

Duration  of  test hours. .  6. 33 

Total  coal  coniaumed  in  prrxhicer pounds..  1, 900 

Moipture  in  coal per  cent..  2.66 

Dry  coal  consumoil  in  producer pounds. .  1, 848 

Refu.se  from  dry  coal per  cent..  6. 89 

Total  refuse  from  coal pounds. .  108. 9 

Total  combustible  consumeil  in  producer pounds. .  1, 739. 1 

Coal  CffDsinncd,  junmdi^  prr  hour. 

Coal  consumed  in  producer 300 

Dry  coal  consumed  in  pnxlucer 292 

Combustible  consumed  in  producer 274. 9 

Equivalent  coal  use<l  by  pnxlucer  plant 328. 9 

Equivalent  dry  coal  used  by  producer  plant 320. 1 
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British  tliermcU  units. 

Per  poand  of  coal  as  fired 14, 105 

Pter  pound  of  dry  coal 14, 580 

Per  pound  of  combostible 16, 500 

Per  cubic  foot  of  standard  gas 151 

From  standard  gas  per  pound,  dry  coal  bnmed  in  producer 8, 150 

From  standard  gas  per  hour  per  brake  horsepower 10, 060 


Oas  produced,  cubic  feet  (reduced  to  standard). 

Total 

Per  hour 

Per  pound  coal  consumed  in  producer 

Per  pound  dry  coal  consumed  in  producer 

Per  pound  combustible  consumed  in  producer 

Per  pound  equivalent  coal  used  by  producer  plant 

Per  pound  equivalent  dry  coal  uf^d  by  producer  plant 

Per  pound  equiv  Jent  combn^tible  used  by  producer  plant 


99,781 
15. 770 


Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 
Average  electrical  horsepower  developed  at  switch  board  . . . 
Average  brake  horsepower  t  available  for  outside  purposes . . 
Average  brake  horsepower t  developed  at  engine 


52.6 

54 

57.4 

48 

49.3 

52.3 


186.9 
201 
220 
236.5 


Coal  consumed  in  producer,  pounds  per  horsepower  per  hour. 


Per  electrical  horsepower  available  for  outside  purposes. . 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepower  t  available  for  outside  purposes  . . . 

Per  brake  horsepower  t  developed  at  engine 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  available  for  outside  purposes 

Equivalent  pounds  used  by  producer  plant  per  electrical 
norsei)ower  developed  at  switch  board 

Equivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  available  for  outside  purposes 

Equivalent  pounds  used  by  producer  plant  per  brake 
norsepower  t  developed  at  engine 


Coal  as 
flred. 

1.60 

Dry  coal. 

1.56 

1.49 

1.46 

1.36 

1.33 

1.27 

1.24 

1.76 

1.71 

1.64 

1.59 

1.49 

1.46 

1.39 

1.35 

Combus- 
tible. 


1.47 
1.37 
1.25 
1.16 

1.61 

1.50 

1.37 

1.27 


COAL.  Per  cent. 

Moisture 2.66 

Volatile  matter 32.00 

Fixed  carbon 59.61 

Ash 6.73 


Ai>erage  composition  of  coal  and  gas. 

QAB  BT  VOLUME.  Per  Cent. 

Carbon  dioxide 10.40 

Oxygen 20 

Carbon  monoxide 13. 70 

Hydrogen 9.55 

Methane 6.60 

Nitrogen 69.66 


Sulphur 1.00 


fBased  on  an  aaBomed  efflolency  of  tt  per  cent  for  geneiator  and  belt 
Bull.  261-05 8 


100.00 
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The  West  Virginia  No.  9  is  a  rich  bituminous  coaJ.  It  burned  well 
and  was  easily  handled  in  the  producer,  yielding  a  gas  of  uniformly 
good  quality.  It  makes  a  .good  producer  fuel.  On  account  of  an 
accident  to  the  gas  engine  the  test  on  this  coal  had  to  be  stopped  before 
it  was  completed.  A  second  test  is  being  made  as  this  report  goes  to 
press.     The  results  of  the  second  test  will  be  given  in  the  final  report. 

GOAL,  WEST  YIBOnriA  NO.  18,  PBODVCBB-OAB  TEST  HO.  8.* 

[Coal  from  mine  of  the  Big  Sandy  Goal  and  Coke  Company,  Big  Sandy,  W.  Va.;  tested  November 

7,  8, 1904.] 

Duration  of  test hours. .  30 

Total  coal  consumed  in  producer pounds. .  8, 100 

Moisture  in  coal per  cent. .  1. 43 

Dry  coal  consumed  in  producer pounds. .  7, 984 

Refuse  from  dry  coal per  cent. .  6. 54 

Total  refuse  from  coal pounds..  622 

Total  combustible  consumed  in  producer do. .- .  7, 462 

Coal  cortsumedf  pounds  per  hour. 

Coal  consumed  in  producer 270 

Dry  coal  consumed  in  producer 266. 1 

Combustible  consumed  in  producer 248. 7 

Equivalent  coal  used  by  producer  plant 304. 9 

Equivalent  dry  coal  used  by  producer  plant 300. 6 

Equivalent  combustible  used  by  producer  plant 280. 9 

British  thermal  units. 

Per  pound  of  coal  as  fired 14, 614 

Per  pound  of  dry  coal 14, 825 

Per  pound  of  combustible 15, 860 

Per  cubic  foot  of  standard  gas 142. 5 

From  standard  gas  per  pound  dry  coal  burned  in  producer 10, 150 

From  standard  gas  per  hour  per  brake  horsepower 11, 500 

Gas  producedy  cubic  feet  {reduced  to  standard). 

Total 568,700 

Per  hour 18,957 

Per  pound  coal  consumed  in  producer 70.2 

per  pound  dry  coal  consumed  in  producer 71.2 

Per  pound  combustible  consumed  in  producer 76.2 

Per  pound  equivalent  coal  used  by  producer  plant 62. 1 

Per  pound  equivalent  dry  coal  used  by  producer  plant 63.2 

Per  pound  equivalent  combustible  used  by  producer  plant 67. 5 

Horsepower  developed. 

Average  electrical  horsepower  avulable  for  outside  purposes 191. 3 

Average  electrical  horsepower  developed  at  switch  board 199. 8 

Average  brake  horsepower  t  available  for  outside  purposes 225 

Average  brake  horsepower  t  developed  at  engine 235 

^Oas-producer  hopper  leaked. 

t  Based  on  an  aasomed  efficiency  of  86  per  cent  for  generator  and  belt 
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Coal  consumed  in  producer ,  pounds  per  horsepower  ptr  hour. 


Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

Per  electrical  horsepower  available  for  outside  purposes.. 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepowerf  available  for  outside  purposes 

Per  brake  horFienowert  developed  ftt  encrine  --.,  , 

1.41 
1.35 
1.20 
1.15 

1.59 

1.53 

1.35 

1.30 

1.39 
1.33 
1.18 
1.13 

1.57 

1,60 

1.34 

1.28 

1.30 
1.24 
1.11 
1.06 

Fquivalent  pounds  used  by  producer  plant  per  electrical 
horse  DOwer  available  for  outside  purposes 

1.47 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepo  wer  developed  at  switch  board 

1.40 

Eauivalent  pounds  used  by  producer  plant  per  brake 
horsepower  t  available  for  outside  purposes - 

1.25 

Eauivalent  pounds  used  by  producer  plant  per  brake 
norseoowert developed  at  ensrine 

1.20 

t  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 
Average  composition  of  coal  and  gas. 


COAL.  Percent. 

Moisture 1.43 

Volatile  matter 18.93 

Fixed  carbon 73.19 

Ash 6.45 

Sulphur 95 


QAB  BY  VOLUME.  Per  ccnt. 

Carbon  dioxide 10. 34 

Oxygen 12 

Carbon  monoxide 14. 21 

Hydrogen 12.98 

Methane 4.61 

Nitrogen 57. 75 


100.01 


The  West  Virginia  No.  12  coal  is  of  good  quality  and  the  bed  was 
easily  handled.  It  is  soft  and  friable,  and  in  going  through  the  rolls 
much  of  it  was  reduced  to  a  fine  powder  which  gave  trouble  in  the 
scrubber  and  wash  box.  It  yielded  considerable  tar  and  may  be  con- 
sidered a  good  gas-producer  coal. 

COAL,  WTOMIHO  HO.  2,  FB0BUCEB-0A8  TEST  HO.  16. 

[Coal  from  mine  of  the  Cambria  Fuel  Company,  Cambria,  Wyo.;  tested  December  16, 17, 1904.] 

Duration  of  test hoars. . 

Total  coal  consumed  in  producer pounds. . 

Moisture  in  coal percent.. 

Dry  coal  coneumed  in  producer pounds . . 

Refuse  from  dry  coal percent.. 

Total  refuse  from  coal pounds. . 

Total  combustible  consumed  in  producer do 

Coal  consumed,  pounds  per  hour. 

Goal  consumed  in  producer 

Dry  coal  consumed  in  producer 

Combustible  consumed  in  producer 

Equivalent  coal  used  by  producer  plant 

Equivalent  dry  coal  used  by  producer  plant 

Equivalent  oombastible  used  by  producer  plant ««««««^ 


30 
12,100 

9.44 
10,058 

22.9 
2,509 
8,449 

403.3 
865.3 
281.6 
459.8 
416.5 
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British  thermal  uniia. 

Per  pound  of  ooal  aa  fired 9, 650 

Per  pound  of  dry  coal 10, 656 

Per  pound  of  combustible 13. 820 

Per  cubic  foot  of  standard  gas 151 

From  standard  gas  per  pound  dry  coal  burned  in  producer   6, 168 

From  standard  gas  per  hour  per  brake horsepower. .  9, 516 

Gas  produced  {cubic  feet  reduced  to  standard). 

Total 447,700 

Per  hour 14,923 

Per  pound  coal  consumed  in  producer 37 

Per  pound  dry  coal  consumed  in  producer 40. 9 

Per  pound  combustible  consumed  in  producer 63 

Per  pound  equivalent  coal  used  by  producer  plant 32. 6 

Per  pound  equivalent  dry  coal  used  by  producer  plant 35. 8 

Per  pound  equivalent  combustible  used  by  producer  plant 46. 5 

Horsepower  developed. 

Average  electrical  horsepower  available  for  outside  purposes 184. 8 

Average  electrical  horsepower  developed  at  switch  board 201. 2 

Average  brake  horsepowerf  available  for  outside  purposes 217. 4 

Average  brake  horsepowerf  developed  at  engine 236. 8 

Coal  consumed  in  producer,  pounds  per  horsepower  per  hour. 


Per  electrical  horsepower  available  for  outside  purposes. 

Per  electrical  horsepower  developed  at  switch  board 

Per  brake  horsepowerf  available  for  outside  purposes  . . 

Per  brake  horsepowerf  developed  at  engine 

£auivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 

Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepower  developed  at  switch  board 

Eouivalent  pounds  used  by  producer  plant  per  brake 
norsepower  f  available  for  outside  purposes 

Equivalent  pounds  used  by  producer  plant  per  brake 
horsepowerf  developed  at  engine 


Coal 
as  fired. 

Dry  coal. 

2.18 

1.98 

2.00 

1.82 

1.86 

1.68 

1.70 

1.54 

2.49 

2.25 

2.28 

2.07 

2.11 

1.92 

1.94 

1.76 

Combus- 
tible. 


1.52 
1.40 
1.30 
1.19 

1.74 

1.60 

1.48 

1.36 


Ai'^age  composition  of  coal  and  gas. 


COAL.  Per  cent. 

Moisture 9.44 

Volatile  matter 35.02 

F^xed  carbon 34.82 

Ash 20.72 

Sulphur 3.91 


6A8  BY  VOLUME.  Percent 

Carbon  dioxide 10. 21 

Oxygen 59 

Carbon  monoxide 15. 46 

Hydrogen 10.79 

Methane '. 5. 52 

Nitrogen 57. 43 


100.00 


f  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt 
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Per  pound. 


a  5      C)tt.  ^ 
all  i  No\l3 

1 

3  Oct4^ 

4  i  Ort 


12,787 
12,288 
10,5a5 

10,575 
6,802 


13,918 


Dry  coal. 

12 

13,365 
12, 245 
13,041 

12,834 
13,  a37 
12,a53 

13,455 
13,226 
11,882 

11,934 
11,255 


7,267  10,928 

7,348  11,086 
14, 166  14, 396 


14,202 


Combii8- 
Uble. 


18 

14, 820 
13,210 
14,560 

14,;^44 
14,  720 
14,500 

14,8(X) 
14,  «;50 
14,280 


Per  cubic 

foot  of  , 

PtandHrdj 


12, 450 
15,  350 
15, 600 


14,580     15,500 


14, 825 


15,860 


10,656  ,  13,820 


14 


149. 
149. 
154. 

151. 
15.S. 
15U. 

i:>i». 
l.V). 
140. 


0 

8 

5 


0 


13,580  '  1(>().  s 
12,600  1H8.5 
12,945        169.7 


156.  2 
144.4 
14.S.  2 

151.0 
142. 5 
151.  0 
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# 

The  Wyoming  No.  2  is  a  bituminous  coal.  It  burned  without  any 
clinkering,  leaving  a  large  amount  of  white  ash  similar  to  that  obtained 
from  wood.  The  gas  was  not  uniform  in  quality,  on  account  of  the  diffi- 
culty experienced  in  keeping  the  bed  in  good  condition.  An  unusually 
large  amount  of  yellow  tar  was  taken  from  the  gas. 

SUMMARY  OF  RESULTS. 

The  table  given  herewith  shows  in  a  condensed  form  the  results 
obtained  in  the  producer-gas  tests. 


COMPARISON  OF  RESULTS  OBTAINED  FROM 
STEAM  AND  PRODUCER-GAS  TESTS. 


By  Robert  H.  Fernald  and  L.  P.  Bbegkenbidge. 


STEAM  PLANT. 

The  accompanying  table,  showing  the  comparative  results  of  burn- 
ing the  various  coals  under  the  boiler  and  in  the  gas  producer,  is  of 
much  interest  and  value. 

It  is  to  be  recollected  that  the  steam  generated  by  the  boiler  was 
used  in  a  simple  noncondensing  engine  of  the  Corliss  type,  whose 
*' water  rate"  was  26.3  pounds  of  steam  per  hour  per  horsepower 
developed;  that  this  engine  was  belted  to  the  electric  generator,  and 
that  the  mechanical  efficiency  of  this  combination  of  engine  and 
generator  was  81  per  cent. 

With  these  figures  available  it  will  be  an  easy  matter  to  calculate 
the  number  of  pounds  of  coal  which  would  have  been  required  to  pro- 
duce an  electrical  horsepower  provided  a  more  economical  type  of 
ste^m  engine  had  been  used,  or  if  the  electrical  generator  had  been 
directly  connected  to  the  engine,  with  the  resulting  advantage  of  a 
higher  mechanical  efficiency. 

If,  for  example,  the  steam  generated  had  been  used  t)y  a  steam 
engine  capable  of  generating  1  horsepower  with  18  pounds  of  steam 
per  hour,  and  if  the  engine  and  generator  had  been  direct  connected, 
giving  as  high  a  mechanical  efficiency  as  90  per  cent,  then  the  ''Total 
dry  coal  per  electrical  horsepower  per  hour  "  would  have  been  reduced 
from  4.3  pounds,  as  given  in  column  13,  to  very  nearly  3  pounds. 

While  these  figures  are  frequently  and  easily  attained  by  steam 
engines  operating  in  large  units,  it  will  be  conceded  that  in  plants  of 
from  200  to  250  horsepower  they  are  but  seldom  reached. 

It  should  be  mentioned  that  the  labor  required  would  be  the  same 
for  the  operation  of  either  the  boiler  plant  or  the  gas-producer  plant 
of  the  capacity  under  tests.  In  either  plant  two  men  would  be 
sufficient. 

228 
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GAS-PRODUCER  PLANT. 

In  considering  the  possible  increase  in  efficiency  of  the  boiler  tests 
with  a  compound  engine  substituted  for  the  simple  engine  used,  the 
fact  should  not  be  overiooked  that  a  corresponding  increase  in  the 
efficiency  of  the  gas-producer  tests  may  be  brought  about  under  the 
most  favorable  conditions.  The  gas  engine  is  passing  through  a  tran- 
sitional period.  In  the  larger  sizes  the  vertical  single-acting  engine  is 
being  replaced  by  the  horizontal  double-acting.  Other  changes  and 
improvements  are  constantly  being  made  which  tend  to  do  for  the  gas 
engine  what  compounding  and  tripling  the  expansions  have  already 
done  for  the  steam  engine. 

The  gas  engine  used  in  the  trials  recorded  is  a  vertical  three-cylin- 
der, single-acting  engine  with  no  means  of  changing  the  ignition  while 
the  engine  is  running.  A  brief  consideration  of  these  points  will  lead 
at  once  to  the  conclusion  that  the  gas  engine  and  steam  engine  used  in 
these  tests  compare  very  favorably,  and  that  any  increase  in  efficiency 
in  the  boiler  tests  tliat  might  result  from  using  a  compound  engine 
can  be  offset  h«  ^ft  introduction  of  the  more  modern  type  of  gas 
engine. 


COKING  TESTS. 


By  Fred.  W.  Stammler. 


INTRODUCTION. 

The  tests  of  the  coking  qualities  of  the  coals  received  at  the  testing 
plant  were  made  in  a  battery  of  three  bee-hive  ovens.  The  ovens  are 
of  standard  size  and  shape,  12  feet  in  diameter  and  7  feet  high,  and 
they  were  built  from  plans  furnished  by  Mr.  John  Fulton,  the  well- 
known  expert  on  coke  making,  of  Johnstown,  Pa.  The  writer  was 
assisted  in  making  the  coking  tests  by  Mr.  B.  B.  Boyd,  of  Dniontown, 
Pa.  The  analyses  given  in  the  table  at  the  end  of  this  report,  of  coals 
that  were  charged  in  the  coke  ovens,  and  of  the  resulting  cokes,  were 
all  made  at  the  chemical  laboratory  of  the  testing  plant  under  the 
direction  of  Prof.  N.  W.  Lord,  of  Columbus,  Ohio. 

The  ovens  were  fired  on  September  10,  and  were  kept  in  blast  until 
December  16.  During  this  time  61  tests  were  made,  embracing  44 
diflferent  coals,  coming  from  11  States.  Thirty-two  tests  were  made 
on  29  different  samples  of  raw  coal,  and  27  tests  were  made  on  24 
samples  of  washed  coal.  Two  tests  were  made  on  briquettes  of  non- 
coking  coal,  having  an  additional  amount  of  volatile  matter  used  as  a 
binding  material.  All  of  the  coal  charged  into  the  ovens  was  first 
passed  through  rolls  reducing  it  to  li  inches  or  smaller. 

RESULTS  OF  TESTS. 

The  results  of  the  coking  tests  have  been  arranged  alphabetically  by 
States,  the  general  number  adopted  for  all  tests  being  given  for  ready 
identification,  and  are  briefly  summarized  as  follows: 

Alabama  No,  1. — Lump  and  nut  coal  from  mine  No.  8,  Ivy  Coal 
and  Iron  Company,  Horse  Creek,  Ala. 

Two  charges  were  made  of  this  coal,  the  first  being  unwashed  and  the 
second  washed.  The  first  charge  of  unwashed  coal  consisted  of  8,000 
pounds.  Although  the  coking  process  was  continued  for  88  hours,  the 
coke  was  very  light,  of  a  spongy  structure,  and  high  in  ash.  Washing 
reduced  the  percentage  of  impurities  but  slightly,  though  it  is  believed 
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that  with  more  thorough  washing  a  coke  of  good  quality  might  be 
obtained.  The  charge  of  washed  coal  weighed  9,800  pounds,  was 
burned  for  65  hours,  and  produced  5,731  pounds  of  coke,*  a  percentage 
yield  of  58.5.     This  coke  was  also  soft  and  high  in  ash. 

Alahcvma  No,  2. — Lump,  nut,  and  pea  coal  from  mine  No.  5,  Gallo- 
way Coal  Company,  Carbon  Hill,  Ala. 

The  coal  used  in  this  test  was  unwashed,  the  charge  weighing  8,000 
pounds.  It  coked  imperfectly  in  small  pieces,  which  were  very  soft, 
and  which  were  mixed  with  charred  coal  and  ash.  The  coal  is  high 
in  ash  (13.04  per  cent),  but  if  properly  washed  may  yield  a  coke  of 
fair  grade. 

Arkansas  No.  1, — Lump  and  nut  coal  from  mine  No.  3,  Central 
Coal  and  Coke  Compan}^  Huntington,  Ark. 

The  charge  consisted  of  8,075  pounds  of  unwashed  coal,  which  showed 
no  tendency  to  coke  and  burned  to  ash.  The  volatile  constituents 
are  too  low  to  make  coke  in  the  beehive  oven.  If  properly  washed 
this  coal  may  make  coke  in  a  retort  oven.  It  is  high  in  ash  (13.01  per 
cent)  and  also  somewhat  high  in  sulphur. 

ArJcmisas  No.  2. — Lump  coal  from  mine  No.  12,  Central  Coal  and 
Coke  Company,  Bonanza,  Ark.  Same  result  as  obtained  from 
Arkansas  No.  1. 

Arkamsas  No,  3. — Lump  and  slack  coal  from  mine  No.  18,  Western 
Coal  and  Mining  Company,  Jenny  Lind,  Ark.  This  was  an  experi- 
mental charge  of  a  small  amount  of  briquettes  made  from  unwashed 
coal  and  placed  in  an  oven  with  a  coking  coal.  The  briquettes  con- 
tained 6  per  cent  of  hard  pitch  and  they  produced  a  dense  coke  high 
in  ash. 

Arkansas  No.  6, — Slack  coal  from  mine  No.  18,  Western  Coal  and 
Mining  Company,  Jenny  Lind,  Ark. 

The  behavior  of  these  two  coals  in  the  ovens  was  practically  the 
same  as  that  of  Arkansas  No.  1,  except  that  No.  6  was  washed  and  the 
percentage  of  ash  shows  a  noticeable  reduction. 

The  charge  for  a  second  test  consisted  of  equal  parts  of  unwashed 
coal  crushed  and  mixed  with  8  per  cent  of  hard  pitch,  and  the  same 
material  made  into  briquettes  on  the  English  machine.  The  addition 
of  the  pitch,  by  increasing  the  volatile  matter,  caused  the  coal  to 
fuse  and  produced  coke.  The  coke,  however,  was  very  dark  and  had 
large  cells.  The  test  is  interesting,  since  it  shows  that  a  naturally 
noncoking  coal  may  be  made  to  coke  by  an  addition  of  pitch.  This 
charged  weighed  8,000  pounds,  was  burned  42  hours,  and  yielded 
4,056  pounds  of  coke  and  539  pounds  of  breeze  and  ash. 

Illinois  No.  1. — Lump  and  nut  coal  from  mine  No.  1,  Western 
Anthmcite  Coal  and  Coke  Company,  O'Fallon,  111. 

a  Exclusive  of  352  pounds  of  breeze  and  ash. 
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This  test  was  made  on  a  charge  of  9,000  pounds  of  unwashed  coal, 
which  was  burned  for  43  hours.  It  produced  some  small  pieces  of 
coke,  mixed  with  charred  coal  and  ash.  The  coal  is  too  high  in  ash 
(15.95  per  cent)  and  sulphur  (4.14  per  cent)  to  produce  a  coke  fit  for 
blast-furnace  use. 

Illinois  No.  2. — Slack  coal  from  the  same  mine  as  No.  1. 

This  coal  was  washed  (p.-  62)  before  charging  into  the  ovens,  reduc- 
ing the  ash  to  9.19  per  cent.  The  amount  of  coal  charged  was  9,000 
pounds,  which  after  burning  64  hours  yielded  3,389  pounds  of  mixed 
hard  and  soft  coke  and  352  pounds  of  breeze  and  ash.  The  coke  con- 
tained 20.18  per  cent  of  ash  and  2.75  per  cent  of  sulphur. 

lUinoisNo.  3, — ^Run-of-mine  coal  from  mine  No.  3,  Southern  Illinois 
Coal  Mining  and  Washing  Company,  near  Marion,  111. 

Two  charges  were  made  of  this  coal,  one  unwashed,  the  other  washed. 
The  unwashed  charge  of  9,000  pounds  was  tested  for  43  hours.  The 
coal  lay  dead  in  the  oven,  burning  on  top,  but  did  not  coke.  The 
unwashed  coal  contained  10.59  per  cent  ash.  The  washed  charge  car- 
ried 5.86  per  cent  ash,  being  a  reduction  of  nearly  50  per  cent  (p.  66). 
This  charge  of  washed  coal  consisted  of  13,000  pounds  and  was  burned 
90  hours,  yielding  6,378  pounds  of  coke,  which  was  very  brittle  and 
which  broke  up  in  handling  into  fine-fingered  pieces.  The  breeze  and 
ash  in  this  oven  weighed  834  pounds. 

Illinois  No.  6. — Grade  No.  5,  washed  slack  from  mine  No.  1,  Donk 
Bros.  Coal  and  Coke  Company,  Collinsville,  111. 

Three  tests  were  made  of  this  coal,  as  it  was  reported  that  it  had 
been  coked  successfully  in  pits.  All  of  the  coal  was  washed  before 
charging  and  each  charge  was  burned  for  42  hours.  In  the  first  test 
the  coal  was  charged  as  it  was  received,  but  no  coke  was  produced. 
In  the  second  test  the  coal  was  rewashed  through  the  New  Century 
jig  (p.  67),  but  it  was  charged  wet  and  the  oven  was  chilled  and  the 
coal  would  not  burn.  In  the  last  test  the  oven  was  heated  by  an  extra 
charge  of  coal  and  the  charge  was  made  in  a  red-hot  oven,  but  even 
with  this  precaution  the  coal  would  not  coke.  In  each  instance  the 
coal  burned  out  on  top,  but  otherwise  la}'  dead  in  the  oven  and  would 
not  coke  under  existing  conditions.  All  of  the  Illinois  coals  are  too 
high  in  sulphur  to  make  good  blast-furnace  coke. 

Indiana  No.  1. — Run -of -mine  coal  from  Mildred  mine,  J.  Woolley 
Coal  Company,  Mildred,  Ind. 

This  coal  was  crushed  and  washed  (p.  64).     The  charge  consisted 

'  of  8,000  pounds  and  was  burned  for  40  hours.     It  produced  3,473 

pounds  of  fair  coke  of  medium  weight,  bright  gray,  but  brittle  and 

rather  high  in  sulphur.     The  breeze  and  ash  amounted  to  368  pounds. 

Indian  Territory  No.  1. — Lump  and  slack  coal  from  mine  No.  1, 
Whitehead  Coal  and  Mining  Company,  Henryetta,  Ind.  T. 
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This  test  was  made  on  8,095  pounds  of  unwashed  coal.  It  lasted  40 
hours,  and  nothing  but  ash  was  left  in  the  oven.  The  coal  showed  no 
tendencj'  to  coke. 

Indian  Territory  No,  2, — Run-of-mine  coal  from  mine  No.  8,  of 
Bock  Island  Coal  Company,  Hartshorne,  Ind.  T. 

Two  tests  were  made  on  this  coal,  washed  and  unwashed.  Both 
charges  weighed  9,000  pounds.  The  unwashed  charge  was  burned  for 
^^  hours,  and  yielded  5,725  pounds  of  coke  and  580  pounds  of  breeze 
and  ash.  The  coke  was  very  soft,  shattered  and  brittle,  and  somewhat 
high  in  sulphur.  The  washed  charge  contained  one-third  less  ash  than 
the  unwashed  (p.  67).  It  was  burned  for  65  hours,  producing  a  coke 
which  was  hard  and  which  had  a  fairly  good  ring.  It  showed  consid- 
erable improvement  in  appearance  over  the  coke  made  from  unwashed 
coal,  but  the  sulphur  content  was  not  materially  reduced. 

Indian  Ten^itory  No,  S. — Run-of-mine  coal  from  mine  No.  1,  D. 
Edwards  &  Sons,  Edwards,  Ind.  T. 

Two  tests  were  made  on  this  coal,  the  first  being  on  12,000  pounds 
of  unwashed  coal,  burned  65  hours,  and  the  second  on  14,000  pounds 
washed  coal,  burned  ^^  hours.  The  washed  coal,  instead  of  showing 
a  reduced  percentage  of  sulphur,  showed  a  gain  (p.  68).  Neither 
charge  yielded  coke.  The  ovens  when  drawn  contained  small  pieces  of 
charred  coal  and  ash. 

Indian  Tei^itory  No,  5, — Slack  and  pea  coal  from  mine  No.  7,  West- 
ern Coal  and  Mining  Company,  Lehigh,  Ind.  T. 

This  test  was  made  on  10,000  pounds  of  washed  coal  and  was  con- 
tinued for  65  hours  (p.  68).  It  produced  some  small  pieces  of  coke, 
fritted  together,  light  and  soft.  The  general  conclusion  regarding  the 
Territory  coals  tested  is  that  when  properly  washed  they  will  produce 
coke,  but  not  of  a  character  suited  for  iron  smelting,  as  the  sulphur 
is  too  intimately  combined  or  mixed  with  the  coal  to  be  removed  by 
washing. 

loiva  No,  1, — Lump  and  fine  coal  from  mine  No.  2,  Anchor  Coal 
Company,  Laddsdale,  Iowa. 

In  this  test,  as  in  all  those  on  Iowa  coals,  the  charge  was  of  washed 
coal  (p.  68).  The  charge  weighed  9,500  pounds,  and  after  burning  46 
hours  yielded  4,828  pounds  of  coke  and  572  pounds  of  breeze  and  ash. 
The  coke  was  brittle,  with  cracks  lengthwise  and  crosswise  through  it. 
It  was  also  high  in  sulphur  and  ash. 

loica  No,  2, — Run-of-mine  coal  from  mine  No.  5,  Mammoth  Vein 
Coal  Company,  Hamilton,  Iowa. 

The  charge  in  this  test  consisted  of  10,000  pounds  of  washed  coal, 
which  was  burned  for  64  houra  (p.  69).  The  coke  (3,866  pounds  with 
1,153  pounds  of  breeze  and  ash)  was  all  in  small  pieces  sintered  together 
and  with  no  bond. 


fifTAMMLiB.]  COKING   TESTS.  125 

Iowa  No.  3, — Lump  coal  from  mine  No.  4,  Gibson  Coal  Mining 
Company,  Altoona,  Iowa. 

The  charge  in  this  test  consisted  of  8,000  pounds  of  washed  (p.  69) 
coal,  which  was  burned  for  43  hours.  It  yielded  3,336  pounds  of  fine- 
fingered  brittle  coke  that  was  high  in  sulphur  and  ash,  and  585  pounds 
of  breeze  and  ash. 

Iowa  No.  i. — Lump  coal  from  mine  No.  3,  Centerville  Block  Coal 
Company,  Centerville,  Iowa. 

The  coke  produced  in  this  test  was  of  the  same  general  character  as 
that  obtained  from  Iowa  No.  3,  except  that  it  was  not  quite  so  high  in 
either  sulphur  or  ash.  The  charge  consisted  of  8,000  pounds  of 
washed  (p.  69)  coal,  which  was  burned  for  40  hours,  producing  3,722 
pounds  of  coke  and  426  pounds  of  breeze  and  ash. 

lawa  No.  5. — Run-of-mine  coal  from  Inland  mine  No.  1,  Inland 
Fuel  Company,  Chariton,  Iowa. 

The  result  of  this  test,  made  on  9,000  pounds  of  washed  (p.  70)  coal, 
and  burned  66  hours,  was  a  mixture  of  unburned  coal,  charred  coke, 
and  ash. 

All  of  the  Iowa  coals  tested  are  too  high  in  sulphur  to  produce 
blast-furnace  coke,  and  as  the  sulphur  occurs  largely  as  gypsum  it 
can  not  be  removed  by  washing.  The  ash  is  also  high  in  relation  to 
the  fixed  carbon. 

Kansas  No.  1. — Run-of-mine  coal  from  mine  No.  10,  Western  Coal 
and  Mining  Company,  Fleming,  Kans. 

In  making  this  test  a  charge  of  11,300  pounds  was  made,  and  this 
was  burned  for  120  hours.  At  the  end  of  the  period  the  charge  was 
found  to  be  sintered  on  top,  while  under  this  sintering  was  a  thin  layer 
of  light  coke,  with  the  remainder  of  the  coal  in  the  oven  uncoked  or 
burned. 

Kansas  No.  2. — Lump,  nut,  and  slack  coal  from  mine  No.  11,  West- 
ern Coal  and  Mining  Company,  Yale,  Kans. 

The  behavior  of  this  coal  in  the  oven  was  similar  to  that  of  Kansas 
No.  1,  showing  no  tendency  to  coke,  although  the  charge  of  9,125 
pounds  was  burned  for  159  hours. 

Kansas  No,  3. — Run-of-mine  coal  from  mine  No.  9,  Southern  Coal 
and  Mercantile  Company,  Scammon,  Kans. 

This  charge  consisted  of  7,100  pounds  of  unwashed  coal,  which  was 
burned  for  96  hours.  It  coked  for  about  12  inches  from  the  top, 
while  the  remainder  was  simply  charred  coal  and  ash. 

Ka/nsas  No.  4. — Lump  coal  from  Atchison  Coal  Mining  Company, 
Atchison,  Kans. 

This  coal  showed  more  of  a  tendency  to  coke  than  any  of  the  other 
coals  from  Kansas.  The  charge,  consisting  of  10,000  pounds,  was 
burned  for  67  hours.  It  yielded  5,213  pounds  of  hard  but  brittle  coke 
and  432  pounds  of  breeze  and  ash.    The  coke  is,  however^  too  high  iu 
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sulphur  (6.15  per  cent)  for  use  in  an  iron  furnace,  but  it  may  be  used 
in  lead  and  zinc  smelters,  for  which  purpose  a  high  percentage  of 
sulphur  is  not  detrimental. 

Kentiichy  No.  1. — Run-of-mine  coal  from  Straight  Creek  mine  No. 
2  of  the  National  Coal  and  Iron  Company,  Straight  Creek,  Kentucky. 

This  test  was  made  on  10,000  pounds  of  unwiished  coal  burned  for 
66  hours.  It  produced  5,441  pounds  of  hard  coke,  which  was  fine- 
fingered  and  easily  broken  into  small  pieces.  The  breeze  and.ash 
wieighed  355  pounds. 

Kentucky  No.  3. — Run-of-mine  coal  from  Barnsley  mine  of  St.  Ber- 
nard Mining  Company,  Earlington,  Ky. 

In  this  test  the  charge  consisted  of  10,000  pounds  of  washed  coal 
(p.  70),  burned  for  66  hours.  It  produced  a  coke  of  fair  quality,  of 
good  color  and  ring,  but  somewhat  high  in  sulphur.  It  produced 
5,433  pounds  of  coke  and  426  pounds  of  breeze  and  ash. 

KentvAihy  No.  ^. — Run-of-mine  coal  from  Wheatcroft  Coal  and 
Mining  Company,  Wheatcroft,  Ky. 

This  test  was  also  made  on  10,000  pounds  washed  coal  (p.  70), 
which  was  burned  for  66  hours,  and  yielded  5,558  pounds  of  coke  and 
313  pounds  of  breeze  and  ash.  The  coke  was  of  good  color  and  ring, 
but  like  Kentucky  No.  4,  was  too  high  in  sulphur  for  blast-furnace 
use. 

Mumurl  No.  2. — Run-of-mine  coal  from  mine  No.  8  of  the  North- 
western Coal  and  Mining  Company,  Bevier,  Mo. 

This  charge  consisted  of  12,000  pounds  washed  coal  (p.  70),  which 
was  coked  for  87  hours.  It  yielded  5,040  pounds  of  long-fingered 
brittle  coke,  having  large  pieces  of  slate  mixed  through  it.  The  breeze 
and  ash  amounted  to  580  pounds.  The  coke  is  high  in  both  sulphur 
and  ash. 

Missouri  No.  3.  —Slack  coal  from  Mendota  Coal  and  Mining  Com- 
pany, Mendota,  Mo. 

This  coal  showed  no  tendency  whatsoever  to  coke,  although  it  was 
washed  (p.  65)  and  burned  for  42  hours. 

Missouri  No.  J^. — Run-of-mine  coal  from  Morgan  County  Coal  Com- 
pany, near  Barnett,  Mo. 

This  coal  produced  a  coke  of  fair  grade,  of  a  gray  color,  and  of  a 
good  metallic  ring.  The  charge  was  11,000  pounds  of  unwashed  coal, 
and  yielded  4,905  pounds  of  coke  and  128  pounds  of  breeze  and  ash. 
The  coke,  however,  is  too  high  in  sulphur  for  blast-furnace  use,  but  it 
is  believed  that  the  quality  of  this  coke  could  be  improved  by  washing 
the  coal  before  charging  into  the  ovens. 

West  Yirgvnia  No,  1. — Run-of-mine  coal,  Virginia  and  Pittsburg 
Coal  Company,  Kingmount,  W.  Va. 

This  test  was  made  on  9,000  pounds  of  unwashed  coal.  The  charge 
was  burned  for  64  hours  and  yielded  5,572  pounds  of  coke  and  268 
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pounds  of  breeze  and  ash.     The  coke  was  of  good  quality,  but  some- 
what brittle. 

We8t  Virginia  No.  2. — Run-of-mine  coal  from  Pitcairn  mine  of  the 
Pitcairn  Coal  Company,  Clarksburg,  W.  Va. 

Two  tests  were  made  of  this  coal,  unwashed  and  washed.  The  first 
charge  was  9,000  pounds  of  unwashed  coal,  producing  5,235  pounds  of 
gray  coke,  somewhat  brittle  and  high  in  sulphur  and  ash.  The  washed 
coal  (p.  71),  of  which  13,000  pounds  was  charged,  showed  an  improve- 
ment in  the  coke,  though  the  sulphur  was  still  too  high  for  blast- 
furnace use.  The  yield  from  the  second  charge  was  7,808  pounds,  or 
60  per  cent,  as  compared  with  58,2  per  cent  from  the  unwashed  coal. 

West  Virginia  No.  3. — Run-of-mine  coal  from  West  Virginia  Coal 
Company,  Richard,  W.  Va. 

Two  tests,  one  of  unwashed  and  one  of  washed  coal,  were  made  on 
this  sample.  The  charge  of  unwashed  coal  weighed  9,000  pounds  and 
was  coked  41  hours.  It  yielded  5,929  pounds  of  coke  of  gray  color, 
brittle  and  somewhat  high  in  ash,  and  364  pounds  of  breeze  and  ash. 
The  washed  charge  (p.  71)  weighed  14,000  pounds,  was  coked  for  66 
hours,  and  yielded  9,070  pounds  of  coke  of  the  same  character  as  noted 
above  and  535  pounds  of  ash  and  breeze.  The  quality  of  the  coke  was 
not  improved  by  washing,  except  by  a  small  reduction  in  the  amount 
of  ash. 

The  first  test  of  41  hours'  duration  gave  a  yield  of  65.9  per  cent,  the 
second  test  of  66  hours  gave  a  yield  of  64.8  per  cent. 

West  Virginia  No.  4. — Run-of-mine  coal  from  West  Virginia  Coal 
Company,  Bretz,  W.  Va. 

This  coal  was  tested  washed  and  unwashed.  The  unwashed  charge 
contained  12,000  pounds.  It  was  burned  for  65  hours  and  yielded 
8,907  pounds,  or  74.2  per  cent,  of  coke,  and  428  pounds  of  breeze  and 
ash.  The  charge  of  washed  coal  (p.  71)  weighed  9,000  pounds.  It  was 
coked  for  42  hours  and  yielded  6,367  pounds,  or  70.7  per  cent,  of  coke, 
and  374  pounds  of  breeze  and  ash.  The  coke  obtained  was  of  good 
color,  but  was  somewhat  impaired  by  cross  fractures.  No  improve- 
ment was  noticed  as  a  result  of  washing. 

West  Virgi7iia  No.  6. — Lump  and  nut  coal  from  Davis  Colliery 
Company,  Coalton,  W.  Va. 

Three  coking  tests  were  made  on  this  shipment,  one  of  unwashed 
and  one  of  washed  run-of-mine,  crushed  before  coking  to  li  inches 
in  diameter,  and  one  of  pulverized  coal  which  was  washed  in  the  New 
Century  jig  (p.  72).  The  first  charge  of  unwashed  coal,  weighing 
13,000  pounds,  was  burned  for  64  hours  and  yielded  8,298  pounds,  or 
63.8  per  cent,  of  coke,  and  497  pounds  of  ash  and  breeze.  The  washed 
charge,  weighing  13,000  pounds,  was  burned  66  hours.  It  yielded 
7,163  pounds,  or  55.1  per  cent,  of  coke,  and  461  pounds  of  ash  and 
breeze.    The  pulverized  coal,  weighing  10,000  pounds^  was  burned  69 
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hours  and  yielded  4,266  pounds,  or  42.56  per  cent,  of  coke,  and  229 
pounds  of  ash  and  breeze.  The  results  showed  that  the  coal  would 
make  a  good  coke  if  the  ash  could  be  materially  reduced.  Washing 
in  this  case  lowered  the  percentage  of  ash  from  19.14  per  cent  in  the 
first  test  to  14.81  per  cent  in  the  second  and  16.98  per  cent  in  the 
third.  The  results  of  these  tests  show  that  the  washing  of  this  coal 
for  coking  purposes  is  advisable. 

West  Virginia  No.  6, — Run-of-mine  coal  from  the  New  River 
Smokeless  Coal  Company,  Rush  Run,  W.  Va. 

Three  test&  were  made  on  this  coal,  which  was  unwashed.  The  first 
charge,  consisting  of  13,000  pounds,  was  burned  for  90  hours,  and 
yielded  8,303  pounds,  or  63.9  per  cent,  of  light-gray,  soft  coke.  The 
second  charge,  which  consisted  of  9,000  pounds,  wa^  burned  for  66  hours, 
and  yielded  6,399  pounds,  or  71.1  per  cent,  of  coke,  of  somewhat  better 
quality  than  the  first,  although  still  gray  and  light.  The  charge  con- 
sisted of  8,000  pounds  of  pulverized  coal.  It  was  burned  for  44  hours, 
and  yielded  5,849  pounds,  or  73.1  per  cent,  of  coke,  which  was  dense 
and  tough,  but  light  in  weight  and  color,  and  of  poor  ring. 

West  Virginia  No.  7. — Run-of-mine  coal  from  the  New  River 
Smokeless  Coal  Company,  Sun,  W.  Va. 

This  test  was  made  on  unwashed  coal,  the  charge  weighing  8,000 
pounds.  It  produced  5,119  pounds,  or  64  per  cent,  of  coke  of  good 
size  and  quality,  but  rather  dark  in  color. 

West  Virginia  No.  8. — Run-of-mine  coal  from  Gauley  Mountain 
Coal  Company,  Ansted,  W.  Va. 

This  test  was  made  on  11,000  pounds  of  unwashed  coal,  which  was 
burned  for  66  hours  and  yielded  7,124  pounds,  or  64.7  per  cent,  of 
coke,  and  589  pounds  of  ash  and  breeze.  The  coke  was  haixi,  of  good 
color,  although  of  somewhat  irregular  cell  stnicture. 

West  Virginia  No.  9. — Run-of-mine  coal  from  Vulcan  mine  of  the 
Mount  Carbon  Coal  Company  (Limited),  Powellton,  W.  Va. 

Two  tests  were  made  on  this  coal,  the  first  being  unwashed,  the 
second  washed.  The  unwashed  charge  weighed  10,000  pounds,  and  was 
burned  40  hours.  It  yielded  6,084  pounds,  or  60.8  per  cent,  of  coke, 
and  314  pounds  of  breeze  and  ash.  The  coke  was  heavy  and  grayish 
in  color.  It  was  of  good  quality,  though  slightly  brittle.  The  coke 
from  the  washed  coal  (p.  72)  showed  much  improvement  over  that 
from  the  unwashed  coal,  and  could  be  considered  a  high-grade  coke. 
The  charge  of  washed  coal  weighed  11,000  pounds,  burned  for  66 
hours,  and  yielded  6,803  pounds,  or  61.8  per  cent,  of  coke,  and  only  78 
pounds  of  ash  and  breeze. 

West  Virginia  No.  10. — Lump  and  run-of-mine  coal  from  Stuart  ^I. 
Buck,  Mora,  W.  Va. 

This  test  was  made  on  11,000  pounds  of  unwashed  coal.  It  was 
burned  for  68  hours  ftnd  yielded  7,858  pounds,  or  71.4  per  cent,  of 
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good,  hard,  heavy  coke,  slightly  oflf  color,  and  429  pounds  of  ash  and 
breeze. 

West  Virginia  No,  11, — Run-of-!nine  coal  from  mines  Nos.  1  and  2 
of  W.  H.  Coffman,  Zenith,  W.  Va. 

This  was  the  only  coal  from  West  Virginia  which  did  not  coke  in 
the  ovens.  The  charge  consisted  of  11,000  pounds.  It  was  burned 
for  67  hours,  and  when  drawn  consisted  of  ash  mixed  with  raw, 
unburned  coal. 

West  Virginia  No,  12, — Run-of-minc  coal  from  Big  Sandy  Coal  and 
Coke  Company,  Big  Sandy,  W.  Va. 

Two  tests  of  this  coal  were  made,  the  first  being  unwashed  and  the 
second  washed.  The  unwashed  charge  was  11,000  pounds.  It  was 
burned  for  08  hours,  and  produced  7,082  pounds  of  coke,  or  64.4  per 
cent,  and  549  pounds  of  ash  and  breeze.  The  coke  was  of  fair  quality 
and  had  a  metallic  ring.  It  was  of  good  color,  but  showed  cross  frac- 
tures. The  washed  charge  (p.  73)  of  the  same  coal  weighed  8,000 
]X)unds,  and  was  burned  for  44  hours,  producing  5,050  pounds,  or  63. 1 
per  cent,  of  coke  and  583  pounds  of  ash  and  breeze.  The  coke  was  of 
large  size  and  grayish  color,  but  not  particularly  strong. 

CUPOLA  TESTS  OF  COKE. 

In  connection  with  the  coking  tests  of  the  coals  the  cokes  made  in 
the  beehive  ovens  were  not  only  analyzed  and  tested  bj^  various  labo- 
ratory methods,  but  those  which  gave  promise  of  value  in  foundry 
products  were  also  tested  in  the  cupolas  of  the  model  foundry  connected 
with  the  Louisiana  Purchase  Exposition. 

The  testing  of  these  cokes  for  foundry  purposes  was  done  under  the 
supervision  of  a  committee  appointed  for  this  purpose  by  the  American 
Foundrymen's  Association,  the  committee  consisting  of  Dr.  Richard 
Moldenke,  secretary  of  the  association;  Mr.  Herbert  E.  Field,  of 
Mcintosh,  Hemphill  &  Co.,  Pittsburg,  Pa.,  and  Mr.  W.  J.  Fogarty, 
of  the  Magnetite  Foundry  Company,  St.  Louis,  Mo.  Two  thousand 
pounds  of  each  such  coke — one  dozen  samples  in  all — were  reserved 
for  these  tests,  and  the  cupola  tests  were  made  under  the  immediate 
supervision  of  Doctor  Moldenke,  during  the  month  of  November,  using 
for  this  purpose  two  36-inch  small  foundry  cupolas,  one  of  which  was 
furnished  by  the  Whiting  Foundry  Equipment  Company,  of  Chicago, 
and  the  other  by  the  J.  S.  McCormick  Company,  of  Pittgburg. 

The  analyses  of  the  cokes  and  the  iron  used  in  the  tests  have  not  yet 
been  completed,  however,  and  it  is,  therefore,  thought  best  to  delay 
the  publication  of  the  results  of  these  tests  until  the  issuance  of  a  later 
report,  in  which  will  be  included  the  tests  of  other  cokes  to  be  made 
during  the  next  few  months. 
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Coking  leM*. 
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Cokimj  te^s — Continued. 
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Carthage,  Ohio,  for  supplies  of  pitch  of  various  grades  for  binders; 
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etc. ;  and  to  Dr.  Herman  von  Schrenk,  of  the  Bureau  of  Forestry,  for 
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BRIQUETTING  PLANT. 

The  briquetting  plant  consisted  of  two  machines  of  distinctly  differ- 
ent types.  One  of  the  machines  was  furnished  by  William  Johnson  & 
Sons,  of  Leeds,  England,  and  is  designated  in  this  report  the  English 
machine.  This  noBhine  is  one  of  the  standard  types  for  briquetting 
with  stiff  pitch,  and  consists  of  a  double  compression,  vertical  table 
press  with  closed  molds  and  its  accessories.  It  was  operated  by  a  50- 
horsepower  inclosed  motor,  which  was  furnished  b}^  the  Westinghouse 
Electrical  Manufacturing  Company,  of  Pittsburg,  Pa. 

The  second  briquetting  machine  was  furnished  by  the  National  Com- 
pressed Fuel  Company,  of  Chicago,  111.,  and  consisted  of  a  Chisholm, 
Boyd  &  White  press,  constructed  on  Belgian  patterns  and  its  accesso- 
ries. This  is  ordinarily  known  as  the  eggette  machine  or  press,  but  is 
designated  throughout  this  report  the  American  machine.  It  also  was 
operated  by  a  50-horsepower  motor,  furnished  by  the  Westinghouse 
Company. 

ENGLISH   MACHINE. 

In  operating  the  English  machine  the  coal  is  delivered  from  the 
washer  or  drier  by  an  inclined  conveyor,  furnished  by  the  Robins 
Conveying  Belt  Company,  and  received  upon  a  .slightly  raised  plat- 
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fomi,  holding  about  10  tons,  from  which  it  can  be  conveniently  shoveled 
through  a  hole  in  the  same  floor  onto  a  coal-feeding  worm.  At  the 
same  time  the  pitch  which  is  used  as  a  binder,  having  been  lirst  reduced 
to  a  suitable  size,  is  fed  into  the  pitch  cracker,  which  reduces  it  to  a 
half -inch  size  and  drops  it  to  a  smaller  worm,  and  this  in  turn  delivers 
it  onto  the  coal  in  the  larger  worm.  The  smaller  worm  is  driven  by 
sprockets  from  the  larger  one,  and  the  percentage  of  pitch  that  is 
added  to  the  coal  can  be  varied  by  changing  the  wheels. 

While. this  arrangement  gives  good  results  when  the  same  coal  and 
binder  are  used,  it  is  not  suflSciently  flexible  to  be  adapted  to  the  differ- 
ences in  behavior  of  the  various  coals  and  binders  that  were  used  in 
the  experimental  work;  and  therefore,  for  most  of  the  experiments, 
the  crushed  coal  and  cracked  binder  were  weighed  out  on  Fairbanks 
scales  and  mixed  by  hand.  The  mixed  coal  and  binder  were  then  fed 
through  the  hole  in  the  floor  onto  the  larger  worm. 

After  a  slight  mixing  in  the  larger  worm,  the  material  enters  an 
impact  disintegrator,  in  which  it  is  reduced  to  the  desired  degree  of 
Kneness.  The  speed  of  the  disintegrator  is  varied  according  to  the 
character  of  the  coal.  This  is  accomplished  by  running  either  one  or 
both  sides  of  the  disintegrator  and  by  tightening  or  slacking  the  belts. 
From  the  disintegrator  the  well-mixed,  finely  divided  mass  is  elevated 
to  a  pug  mill,  about  5  feet  in  vertical  height,  in  which  the  pitch  or 
other  stiff  binder  is  softened  bv  contact  with  live  steam.  As  there  is 
no  attachment  on  this  machine  for  introducing  or  utilizing  superheated 
steam,  the  range  of  temperatures  in  which  the  binder  could  be  softened 
was  very  limited.  Then  again,  live  steam  is  apt  to  be  wet,  and  in  such 
instances  it  would  often  be  a  detriment  to  the  production  of  successful 
briquettes. 

From  the  pug  mill  the  plastic  mixture  falls  by  gravity  to  the  feed 
box  of  the  press,  from  which  it  is  forced  by  a  plunger  into  brass-lined 
molds  in  a  vertical  revolving  table.  After  a  half  revolution  of  the 
table  the  mass  in  the  mold  is  heavily  pressed  by  a  system  of  combined 
levers,  the  pressure  being  limited  to  2  tons  per  square  inch  by  the 
yielding  of  a  stiff  spring.  This  pressure,  however,  can  be  varied  from 
a  few  pounds  up  to  2,000  pounds  as  a  maximum. 

After  another  quarter  revolution  the  briquettes  are  forced,  by 
means  of  a  plunger,  out  of  the  molds  on  a  slide  or  table  set  at  a  con- 
venient height  for  stacking  on  trucks.  In  the  experimental  work  at 
the  plant  the  briquettes  were  taken  from  the  slide  or  table  by  hand  as 
soon  as  they  were  discharged  from  the  press  and  stacked  on  a  platform 
just  outside  the  building.  The  briquettes,  as  they  come  from  the 
machine,  are  rectangular,  except  for  rounded  corners,  and  weigh  on 
the  average  6.8  pounds  each,  the  weight  varying  with  the  coal  and 
binder  used.  The  maximum  capacity  of  this  press  is  6  tons  of 
briquettes  per  hour. 
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This  machine  is  adapted  only  to  those  binders  which  do  not  become 
plastic  before  reaching  the  pug  mill,  and  in  the  experimental  work 
the  smallest  quantity  that  could  be  made  and  at  the  same  time  give  a 
satisfactory  test  to  the  coal  and  binder  was  1  ton. 

AMERICAN  MACHINE. 

In  operating  the  American  plant  the  coal  is  received  from  the  Rob- 
ins conveyor  at  the  level  of  the  second  floor  in  a  bin  of  3  tons  capacity. 
From  this  it  is  spouted  to  a  500-pound  bin  on  a  Fairbanks  platform 
scale,  from  which  it  passes  into  the  boot  of  an  elevator  that  hoists  it 
up  and  drops  it  into  a  15i  cubic  foot  measuring  box.  The  coal  is  then 
dumped  into  a  Buffalo  mixer  fitted  with  steam  jackets  for  warming  the 
coal  and  the  binder.  The  binder  is  melted  in  a  small  steam  jacketed 
tank  entirely  distinct  from  the  main  part  of  the  machine,  from  which 
it  is  dipped  by  hand  in  the  desired  proportion  and  poured  into  the 
mixer.  After  a  thorough  mixing  the  mass  is  dropped  into  the  feed  slides 
of  the  press.  This  tangential  press  consists  of  two  pairs  of  narrow- 
faced  rolls,  in  the  tores  of  which  are  ovoid  cups  for  receiving  the  mix- 
ture to  be  pressed.  As  the  rolls  revolve  the  excess  material  is  squeezed 
out,  the  resulting  pressure  being  dependent  upon  the  viscosity  of  the 
mixture  that  is  being  compressed.  The  eggettes  are  delivered  from 
the  press  on  a  short  rubber  belt,  and  they  weigh  on  an  average  about 
0.3  of  a  pound  each. 

The  capacity  of  the  press  is  fully  5  tons  of  eggettes  per  hour,  but 
the  output  of  the  mixing  device  was  much  too  small  for  operating  the 
press  at  its  full  capacity.  As  arninged,  this  machine  was  adapted  for 
the  use  of  soft  binders  only,  and  it  was  necessary  to  grind  the  coal  at 
the  washery.  For  experimental  work,  however,  it  had  one  advantage 
over  the  larger  English  press,  inasmuch  as  it  permitted  the  testing  of 
mixtures  in  lots  as  small  as  15  pounds.  In  making  these  small  tests  a 
35-gallon  camp  kettle  was  employed  for  heating  the  mixture.  It  was 
also  possible  to  test  on  the  American  machine  the  mixture  used  in  the 
English  machine  by  crushing  up  sojne  of  the  hot  briquettes  as  soon  as 
they  were  received  from  the  molds  and  transferring  the  material  at 
once  to  the  feed  box  of  the  American  machine. 

BINDERS. 

The  materials  that  have  been  tried  as  binders  in  the  laboratorv 
experiments  and  on  the  two  briquetting  machines  include  the  follow- 
ing: Pitch  of  various  grades;  creosote;  asphalt,  hard  and  soft,  crude 
and  refined;  asphaltic  pitch;  petroleum,  both  of  paraffin  and  asphalt 
bases;  molasses;  lime,  and  clay. 

PITCH. 

Pitch  is  the  residue  left  from  the  distillation  of  tar,  which  is  pro- 
duced (1)  from  by-product  coke  ovens;  (2)  from  illuminating-gas  plants; 
(3)  from  producer-ga8  plants;  (-i)  from  pintsch  gas  tar;  (5)  from  water 
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gas  plants,  and  (6)  from  petroleum  gas  tar.  Pitches  made  from  the 
first  three  varieties  of  tar  were  tested,  and  each  gave  practically  as 
good  satisfaction  as  the  other  when  approximately  of  the  same  com- 
position.    Petroleum  gas  tar  gave  the  best  results. 

There  was  considerable  variation  noticed  in  the  pitches  that  were 
submitted  to  the  plant  for  the  experimental  work,  and  at  the  begin- 
ning it  was  difficult  to  obtain  the  grade  that  was  desired.  The  first 
pitch  received  was  from  the  St.  Louis  works  of  the  Barrett  Manufac- 
turing Company.  The  pitch  was  too  hard  and  would  not  soften  at  a 
sufficiently  low  temperature  to  be  used  satisfactorily  in  either  the 
English  or  the  American  machine.  It  was  subsequently  proved  that 
the  pitch  did  not  contain  a  sufficient  quantity  of  the  creosote  oils  to 
give  it  the  required  binding  qualities.  This  pitch  is  designated  pitch  A 
throughout  this  report.  The  second  lot  of  pitch  was  received  from 
the  Chatfield  Manufacturing  Company,  of  Carthage,  Ohio.  It  was 
harder  than  pitch  A,  indicating  that  a  still  greater  per  cent  of  the 
creosote  or  adhesive  oils  had  been  driven  off.  Although  these  pitches 
would  make  briquettes,  it  was  necessary  to  use  from  13  to  18  per  cent 
of  them,  while  of  a  good,  satisfactory  pitch  it  required  only  from  6  to 
9  per  cent  with  the  same  coal.  This  pitch  is  designated  throughout 
the  TQi^vt  pitch  X, 

In  oixier  to  determine  the  quality  of  pitch  that  would  be  satisfactory, 
some  of  the  best  tar  from  the  producer-gas  plant  was  heated  until  all 
of  the  water  was  expelled.  The  boiling  was  continued  until,  when  the 
residue  was  dropped  into  water  having  a  temperature  of  55°  F.,  it 
became  brittle.  After  bucking  down,  this  pitch  stuck  together  on 
standing  one  week  in  the  laboratory.  It  is  known  throughout  this 
report  as  pitch  Z.  A  long  series  of  tests  was  then  made  with  this 
pitch  upon  various  coals,  and  it  was  found  that  6  per  cent  of  it  made 
better  briquettes  than  13  per  cent  of  pitch  X,  In  order  to  further 
demonstrate  the  necessity  for  pitches  of  the  right  quality  to  contain  a 
higher  percentage  of  the  creosote  or  adhesive  oils  than  pitehes  A  or  X, 
experiments  were  made  with  hard  piteh  A  and  water-free  producer-gas 
tar.  These  were  melted  together  in  various  proportions  until  a  prod- 
uct was  obtained  which,  when  dropped  into  water  at  55°  F.,  would 
become  brittle.  A  sufficient  quantity  of  this  product  was  made  to 
briquette  2  tons  of  coal,  and  it  was  found  to  give  the  results  desired, 
showing  that  it  is  necessary  for  a  piteh  to  contain  a  certain  percentage 
of  these  creosotes  or  adhesive  oils.  This  piteh  will  soften  when  held 
in  the  mouth;  when  it  is  first  bitten  it  cracks  and  crumbles  like  spruce 
gum,  but  almost  immediately  becomes  plastic  and  can  be  chewed 
like  ordinary  gum.  This  pitch  is  designated  throughout  this  report 
pitch  Y, 

Samples  of  this  pitch  were  sent  to  the  Barrett  Manufacturing  Com- 
pany and  the  Chatfield  Manufacturing  Company,  and  piteh  of  the  right 
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quality  was  obtained  in  quantity.  The  pitches  that  were  received 
from  the  Barrett  Manufacturing  Company  ape  designated  in  this  report 
pitches  B^  (7,  and  Z>.  Those  received  from  the  Chatfield  Manufactur- 
ing Company  are  known  as  ])ifehi>s  E^  F^  and  G, 

Another  pitch  that  was  furnished  by  the  Barrett  Manufacturing 
Company  was  obtained  as  a  b\^-product  from  the  manufacture  of  gas 
from  heavy  petroleum.  When  hot,  this  pitch  has  a  marked  odor  of 
kerosene,  but  it  would  not  mix  with  Kansas  crude  oil.  It  is  lustrous 
and  works  well  on  a  cool  day,  but  is  a  little  too  soft  in  ordinary  weather 
for  experimenting  on  the  English  machine.  This  pitch  is  designated 
pitch  ^throughout  this  report. 

Analyses  have  been  made  of  the  pitches  A,  B,  C,  D,  E.  F,  G,  H, 
and  X  by  Mr.  E.  E.  Somermeier,  in  charge  of  the  chemical  laboratory 
of  the  testing  plant,  with  the  following  results: 

Proximate  analyses  of  pitches. 


Pitch. 

Labora- 
tory No. 

1 

MoiHture. 

1 

Volatile 
matter. 

47.  93 

1 

Fixed 
carbon. 

AfUi. 

Sulphur. 

Total. 

A 

IKU 
1311 
1391 
1465 
1464 
1457 
1453 
1555 
1125 

0 

L 

0.47 
1.14 

.88 
1.45 
1.02 

.57 

.r>o 

1.04 
.  33 

1  Approxim 
Itimate  ar 

50.  79 

0.81 

1.32 

.53 

.59 

.83 

1.14 

1.25 

.80 

1.16 

«0.80 
.70 



.88 

100.80 

B 

49.66  '     47.88 
62.  75       :i5.  84 
54.  a5  1     43.91 
54.11        44.04 
52.98       45.31 
52.53  1     45.62 
61.44  ;     36.72 
59.07  1     39.44 

ately  determined. 
lahjses  of  p  itdies. 

100.  70 

C 

100.00 

D 

100.  (K) 

E 

F 

100.00 
100.00 

G 

100.00 

II 

100.00 

X 

101.38 

Pitch. 

labora- 
tory No. 

Hydro- 
gen. 

C-arbon. 

Nitrogen. 

Oxygen. 

Sulphur. 

Calorific 
value. 

A 

1161 
1311 
1391 
1465 
1464 
1457 
1453 
.      1125 

0.80 


.58 

B 

C 

D 

3.97 
4.72 
4.28 
4.22 
4.16 
4.06 
4.56 

90.89 
91.16 
91.57 
91.30 
91.50 
90.82 
90..34 

1.05 
1.16 
1.10 
1.00 
1.00 
1.01 
.99 

2.07 

1.85 

8,782 
8,937 

E 

1 

F 

G 

....•••• 

X 

2.07 

.88 

8,847 

Although  no  definite  conclusions  can  be  drawn  from  the  results  of 
the  analyses  given  above,  it  is  apparent  that  for  pitches  distilled  from 
t/je  same  tar^  under  the  same  given  conditions,  those  with  the  highest 
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pei^centage  of  volatile  inatter  give  the  best  results  in  briquetting. 
There  may  be,  however,  a  wide  variation  in  the  percentage  of  the 
volatile  matter  in  two  pitches  made  from  different  tars  and  distilled 
under  different  conditions  and  yet  the  pitches  may  have  approxi- 
mately the  same  quality  for  binding  purix)ses. 

In  order  to  obtain  something  more  tangible  regarding  the  composi- 
tion of  the  pitches  in  respect  to  their  binding  qualities  and  value  in 
briquetting,  a  series  of  tests  was  made  by  distilling  off  thin  volatile 
products.  For  this  purpose  a  small  copper  still  was  constructed  and 
the  distillations  were  made  in  the  laboratory  of  Dr.  Herman  von 
Schrenk.  In  carrying  out  these  experiments,  200  grams  of  the  pitch 
were  placed  in  the  still,  and  this  was  heated  gradually  until  there  was 
nothing  left  but  a  coke  residue.  In  ever^^  instance  at  a  temperature 
of  400'^  ail  of  the  volatile  matter  had  been  driven  off  and  the  residue 
was  hard  coke.  The  results  of  these  distillations  are  given  in  the 
table  below: 

Didillaiion  of  pitches. 


Tempera- 

Tern pom- 

ture  at 

Final 

Quantity 

of  pitch 

used. 

tun.'  at 

which  tlic 

tempera- 

PiU'h. 

Ijibora- 
t(»ry  No. 

which 
llrst  drop 

loHtof  the 
oil  was 

Percent- 
age of  oil. 

ture  to 
which 

Resddue. 

came 

observed 

still  was 

over. 

to  come 
off. 

raised. 

(rramit. 

o 

1.) 

o 

A 

1161 
1311 

200 
200 

380 
;i51 

385 
........ 

1.36 

7.38 

400 
400 

Hard  coke. 

B 

Do. 

D 

1465 

200 

332 

375 

13.01 

400 

Do. 

E 

1464 

200 

:i50 

370 

1.91 

400 

Do. 

G 

1453 
1125 

200 
200 

324 
391 

:^2 

.96 
.71 

400 
400 

Do. 

X 

Do. 

The  above  experiments  show  that  from  7^  to  14  per  cent  of  these 
oils  is  necessary  in  the  pitches  in  order  to  give  them  the  binding 
qualities  that  are  desired  in  briquetting.  With  a  higher  percentage 
of  oils  the  pitches  become  too  soft  and  can  not  be  used  to  so  good 
advantage.  Then  again,  the  oils  that  are  driven  off  from  315^  and 
under  are  the  creosote  oils.  Creosote  was  used  to  mix  with  some  of 
the  hard  pitches  for  binding  purposes  and  gave  satisfactory  results. 


ROSIN. 


The  cheaper  grades  of  rosin  can  be  used  for  binding  pui*poses  to  as 
good  advantage  as  the  refined  material,  and,  as  far  as  could  be  judged 
from  the  work  done  in  the  laboratory,  the  crude,  black  rosin  will  give 
as  good  satisfaction  as  the  partially  refined.     Rosin  in  some  cases  can 
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be  used  to  advantage  for  hardening  purposes  as  well  as  for  its  binding 
qualities.  It  has  been  used  with  lime  and  pitch,  and  good  briquettes 
were  made  from  this  combination.  In  using  rosin  and  pitch  avS  a 
binder  it  was  found  that  a  smaller  percentage  of  these  two  together 
was  required  to  give  either  as  good  or  a  better  briquette  than  when 
pitch  was  used  alone.  In  burning  there  is  little  or  no  odor  from  the 
rosin,  although  there  is  some  tendency  to  smoke. 

ASPHALT. 

The  asphalt  used  in  the  experimental  work  consisted  of  a  California 
refined  asphaltum  of  grade  B,  which  is  designated  throughout  this 
report  asphalt  Bl.  Another  asphalt  product  used  is  known  as 
•"'kopak"  No.  30,  manufactured  by  the  Raven  Mining  Company,  of 
Texas,  and  is  of  a  rubbery  consistency.  This  is  known  as  a^halt  B2, 
An  asphaltic  pitch  manufactured  by  the  Standard  Oil  Company  at  one 
of  its  Texas  plant^j  also  was  used,  and  it  is  known  as  alkali  B3. 
Crude  asphalt  from  Indian  Territory  is  known  as  asphalt  BJ^.  This 
asphalt  is  altogether  too  hard,  approaching  close  to  a  coke,  and  con- 
taining but  a  very  small  percentage  of  volatile  matter. 

A  soft  asphalt  was  received  from  the  Gulf  Refining  Company  of 
Port  Arthur,  Tex.,  and  is  designated  throughout  this  report  asphalt 
B5.  An  analysis  of  this  asphalt  by  Mr.  E.  E.  Somermeier  was  as 
follows: 

Analysis  of  soft  asphalt  from  the  Gulf  Refining  Company. 

Per  cent. 

Moisture 0.00 

Volatile  matter 80.  75 

Fixed  carbon 19. 25 

Ash 0.00 

Total 100. 00 

Another  soft  asphalt  was  furnished  by  Mr.  John  McNeil  from  Cas- 
per, Wyo.,  and  is  known  throughout  this  report  as  asphalt  BG,  It  is 
a  soft,  tough  asphalt,  which  on  cooling  to  about  40^  became  brittle. 
An  analysis  by  Mr.  E.  E.  Somermeier  gave  the  following  results: 

Analysis  of  asphalt  from  QispeTf  Wyo. 

Per  cent. 

Moisture 0. 48 

Volatile  matter 78. 77 

Fixed  carbon 20. 75 

Ash 0.00 

Total 100.00 

PETROLEUM. 

Petroleum,  of  both  paraffin  and  asphaltum  bases,  can  sometimes  be 

used  to  advantage  in  briquetting.     On  account  of  lack  of  time  but 

y/tt/e  experimenting  was  done  with  the  petroleums.     Those  that  have 


PRATT.)  BRIQUETTING    TESTS.  141 

been  iiscd  were  crude  oil  from  Spindletop,  Tex.,  which  was  produced 
1)3^  the  Gulf  Refining  Company,  and  a  petroleum  from  the  Beaumont 
diftitrict,  having  a  specific  gravity  of  15,  flash  test  505,  and  fire  test  570, 
which  was  produced  by  the  (ireat  Southern  Refining  Company.  These 
are  designated  Pi  and  P2^  resp(»ctively,  throughout  this  report. 

The  only  other  oil  that  was  tested  in  briquetting  was  a  Kansas  crude 
oil,  which  is  designated  throughout  this  report  P3. 

MOLASSES. 

A  few  experiments  were  made  with  molasses  in  order  to  determine 
the  possibility  of  utilizing  waste  products  from  sugar  and  beet  refin- 
eries in  briquetting  lignite  and  lignitic  coals  that  occur  in  the  vicinity 
of  sugar  refineries.  Although  no  positive  results  have  been  obtained 
with  the  use  of  this  binder,  the  work  has  shown  the  probability  that 
such  wjiste  products  can  be  utilized  in  connection  with  ceiiain  other, 
materials  to  give  a  satisfactory  binder. 

LIME. 

Lime  ha«  been  used  in  combination  lK)th  with  rosin  and  with  molasses, 
and  some  encouraging  results  were  obtained.  One  of  the  main  objec- 
tions to  using  more  than  a  very  small  amount  of  lime  is  the  fact  that 
it  increases  the  percentage  of  ash  in  the  fuel  without  raising  its  heat- 
ing efliciency.  On  the  other  hand,  however,  it  is  one  of  the  cheapest 
of  binders,  and  in  most  cases  is  convenient  to  the  coal  districts. 

CLAY. 

A  few  experiments*  w^re  made  with  clay  in  combination  with  other 
compounds  in  an  attempt  to  obtain  a  suitable  binder  for  lignitic  coals, 
but  without  success. 

LABORATORY    EXPERIMENTS. 

In  testing  the  value  of  the  various  binders  for  briquetting  coal,  a 
series  of  experiments  was  made  with  each  in  the  laboratory  by  briquet- 
ting the  mixture  in  a  hand  press.  The  mixture  of  coal  and  binder  was 
heated  in  a  clay  assay  crucible  over  a  Bunsen  burner.  In  most  cases 
they  were  heated  only  to  about  212^  F.,  but  where  the  binder  was 
softened  with  diflBculty  the  temperature  was  increased. 

PITCHES. 

Special  experiments  were  made  with  the  different  pitches,  A,  B,  C, 
etc.,  and  where  there  was  considerable  variation  in  their  composition 
a  more  nearly  complete  series  of  experiments  was  made.  When,  how- 
ever, the  pitches  were  similar,  a.s  B,  C,  and  D,  ttie  ^m*^^  oi  ^'x.^r,- 
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ments  made  with  one  was  significant  of  what  could  be  done  with  the 
others. 

Pitch  A. — A  series  of  experiments  was  tried  in  the  hiboratory  with 
pitch  A  in  order  to  determine  its  binding  qualities.  It  was  found  that 
the  best  practical  results  were  obtained  with  9  per  cent  of  this  hard 
pitch  on  an  easy  briquetting  coal,  but  with  the  other  coals  the  percent- 
age would  be  ver}^  much  higher. 

Pitch  B. — This  pitch  was  tested  with  West  Virginia  coking  coal. 
With  3  per  cent  of  pitch  B  a  fair  briquette  was  obtained.  With  4  per 
cent  the  resulting  briquette  was  a  little  better.  With  5  per  cent,  how- 
ever, a  good  briquette  w^as  obtained,  which  had  the  desired  lustrous 
fracture.  With  Arkansas  coal  it  required  6  per  cent  of  this  pitch  to 
give  the  desired  results;  and  as  this  coal  represented  more  nearly  the 
character  of  the  coals  to  be  briq netted,  this  was  accepted  as  the  per- 
centage required  of  this  and  the  similar  pitches,  C  and  D,  to  make  a 
good  briijuette. 

Pitches  C  and  I), — These,  which  are  very  similar  to  E,  were  used 
from  the  formulas  derived  for  B,  and  in  nearlv  all  ciis(»s  the  runs 
made  on  the  English  and  American  machines  were  satisfactory. 

Pitch  E, — This  pitch,  which  melts  at  180^  F.,  is  a  trifle  too  bard  for 
satisfactory  briquetting  on  the  English  machine,  and  is  not  equal  to 
pitch  B,  C,  or  D. 

Pitch  O. — This  pitch,  which  melts  at  11>6^  F.,  is  too  hard  (similar 
to  A  and  X)  to  be  used  alone  in  briquetting. 

Pitch  X, — This  pitch,  which  contained  only  0.71  per  cent  of  volatile 
matter,  was  tested  with  a  number  of  coals  and  it  required  from  13  to 
20  per  cent  to  make  a  briquette  that  was  at  all  coherent. 

Pitch  Z, — The  producer-gas  pitch  Z  was  tested  ^vith  Arkansas  coal, 
6.7  per  cent  of  the  pitch  being  used.  While  hot  both  of  these  bri- 
quettes were  soft,  but  on  standing  one  hour  they  became  very  hard  and 
had  a  glossy  or  lustrous  fracture.  When  tested  in  the  mufile  they 
burned  without  disintegration. 

A  series  of  experiments  was  made  which  indicated  that  there  is  no 
advantage  in  using  lime  with  pitch  in  an  attempt  to  reduce  the  per- 
centage of  pitch  that  it  is  necessary  to  use.  With,  how^ever,  the 
introduction  of  some  third  reagent  which  would  react  with  the  lime 
it  is  possible  that  a  binder  could.be  produced  which  would  be  cheaper 
than  pitch  alone  and  be  as  satisfactory. 

ASPHALT. 

In  experimenting  with  the  asphalts,  they  were  used  alone  as  a  binder 
and  also  in  combination  wnth  other  compounds.     There  were  a  num- 
ber of  satisfactory  results  obtjiined  in  the  laboratory  work,  but  only  a 
very  few  of  these  could  be  tried  on  the  English  or  American  machines 
on  account  of  their  construction. 
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Calif omia  asphalt^  BL — ^This  asphalt  is  brittle  at  ordinary  tempera- 
tures and  can  be  readily  disintegrated.  At  212^  F.  it  softens  slightly, 
and  it  is  soft  and  very  sticky  after  melting.  This  asphalt  mixes 
readily  with  the  Spindletop  (Tex.)  petroleum,  PI,  and  the  residual 
product  of  Beaumont  petroleum,  P2,  in  all  proportions,  and  can  there- 
fore be  thinned  to  any  consistency.  A  series  of  experiments  was  made 
with  this  asphalt,  which  indicates  that  to  obtain  the  best  results  it 
would  be  necessary  to  heat  the  mixture  with  superheated  steam  or  to 
add  crude  oil. 

Asphalt  product  {kopaJc)^  B^2, — This  Texas  asphaltic  compound  is  of 
a  rubbery  consistency  at  ordinary  temperatures,  and  at  212"'  F.  only 
softened  slightly  without  becoming  sticky.  It  melted  at  a  rather  high 
temperature,  was  still  rubbery,  but  very  adhesive.  Alone  it  can  not 
be  disintegrated  readily ,  but  in  a  cold  temperature  it  can  with  some 
care  be  crushed.  It  is  not  affected  by  the  crude  Spindletop  (Tex.)  oil, 
PI,  or  the  residual  petroleum  from  the  Beaumont  district,  P2.  With 
the  warm  asphaltic  pitch  it  mixes  readily,  and  but  little  of  this  pitch  is 
needed  to  make  a  soft  and  sticky  mass.  With  ordinary  coal-tar 
pitches  this  asphaltic  compound  will  not  mix  at  all.  With  rosin  the 
rubbery  asphalt  mixes  readily,  and  the  resulting  product  can  be 
cracked  easily,  and  it  is  very  strongly  tenacious  and  somewhat  elastic. 
This  asphalt  has  the  qualities  that  should  make  it  a  desirable  binder, 
and  it  may  be  found  useful  in  briquetting  lignites. 

Asphaltic p^ltch^  BS, — This  asphaltic  pitch,  made  by  the  Standard 
Oil  Company  at  one  of  its  Texas  plants,  was  found  to  have  excellent 
binding  qualities  and  to  be  of  the  right  consistency  to  work  easily. 
It  mak^s  a  tough  and  elastic  briquette,  but  apparently  it  does  not  give 
the  degree  of  hardness  that  can  be  obtained  from  the  pitches  made 
from  coal  tar. 

A  series  of  experiments  was  made  with  this  pitc'h  in  combination 
with  rosin.  The  briquettes  made  from  4  per  cent  asphaltic  pitch  and 
2  per  cent  rosin  and  from  3  per  cent  pitch  and  3  per  cent  rosin  were 
of  equal  value;  but  as  the  3  to  3  briquette  would  probably  be  the 
cheaper,  it  has  been  adopted  as  the  standard  ratio  for  this  asphaltic 
pitch  and  rosin. 

Indian  Tet'^ritory  asjyludt^  BJ^. — This  asphalt  does  not  soften  at  all 
in  boiling  water,  even  when  tested  as  powder.  It  melts  to  a  stiff, 
sticky  liquid  rather  suddenly  just  below  its  ignition  point,  which  is  at 
a  very  high  temperature.  It  is  only  slightly  soluble  in  gasoline.  At 
the  boiling  point  there  is  apparently  no  reaction  between  this  hard 
asphalt  and  crude  Kansas  petroleum,  P3,  or  the  Spindletop  oil.  Pi,  or 
the  Beaumont  residual  petroleum,  P2.  Neither  is  there  any  apparent 
action  between  this  asphalt  and  melted  rosin.  With  creosote  it 
softened  materially,  and  when  used  in  the  i*atio  of  5  per  cent  of  each 
with  Arkansas  coal  a. fair  briquette  was  obtained.     With  Piutach.  ^8& 
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tar  an  apparent  reaction  took  place,  which  caused  the  separation  of 
some  of  the  intrained  water.  This  asphalt  was  tried  alone  with 
Arkansas  coal,  4  per  cent  of  asphalt  being  used,  and  even  when  heated 
dry  at  a  high  temperature  the  resulting  briquette  was  poorly  coherent. 
With  6  per  cent  of  asphalt  the  briquette  was  little  or  no  better,  indi- 
cating that  the  asphalt  alone  has  no  binding  properties,  as  was  sup- 
posed from  the  very  small  amount  of  volatile  matter  that  it  contained. 

Wyoming  asj)haZt^  B6, — This  asphalt  united  readily  with  rosin,  and 
in  preparing  a  mixture  for  briquetting  2  parts  of  asphalt  and  1  part 
of  rosin  were  melted  in  a  kettle  and  cooled  over  night.  On  a  cool, 
frosty  day  this  mass  was  very  brittle,  but  became  sticky  with  a  rise  in 
temperature.  In  using  the  mixture  1  to  2  parts  of  lime  were  added 
to  prevent  its  becoming  too  soft  while  hot.  The  briquettes  made  from 
this  mixture  were  all  right  in  appearance,  but  in  burning  they  crum- 
bled ea^^ily,  not  standing  up  well  in  the  fire. 

In  testing  this  asphalt  alone  it  was  necessary  to  hea,t  the  coal  in  an 
assa}^  crucible,  adding  the  fragments  of  asphalt  and  kneading  them 
together  with  repeated  heatings.  Six  per  cent  of  this  asphalt  alone 
would  make  a  strong,  tough  briquette  with  Wyoming  lignite,  which 
was  slightly  earthy  in  appearance.  When  tested  in  the  fire,  however, 
the  briquette  fell  to  pieces  at  once  and  completely. 

ROSIN. 

In  using  rosin  alone  it  was  found  to  make  hard,  brittle  briquettes, 
but  they  were  not  satisfactory,  principally  on  account  of  their  brittle- 
ness,  which  would  prevent  their  standing  rough  treatment  in  trans- 
portation. The  results  of  the  tests  made  with  rosin  and  pitch  have 
been  recorded  under  "Pitch.''  Rosin  mixes  with  almost  all  the  crude 
oils  and  their  residual  products  which  have  been  tested  in  the  labora- 
tory. With  the  rubbery  asphalt,  B2,  it  mixes  readily,  forming  a  still 
more  rubbery  mass.  With  the  Indian  Territory,  B4,  it  does  not  unite 
at  all.  All  of  the  oils  and  petroleums  increased  the  toughness  of  the 
rosin,  and  the  resulting  masses  varied  from  the  consistency  of  wagon 
grease  to  sticky  rosin.  Five  parts  of  rosin  melted  with  1  part  of 
Kansas  crude  petroleum  gave  a  tough  mass  that  could  just  be  cracked 
when  cold,  and  this  seemed  to  be  the  best  ratio  for  these  two  com- 
pounds. With  lime  alone  it  was  found  that  15  per  cent  of  lime  and  85 
per  cent  of  rosin  were  required  for  a  complete  reaction.  Rosin  with 
unslacked  lime  sets  after  melting.  If  the  slacked  lime  is  used  the 
action  occurs  at  212^  F.  and  the  mass  is  light  gray.  This  cement 
softens  and  becomes  sticky  only  at  the  melting  point  of  lead.  On  cool- 
ing it  is  brittle,  but  stronger  than  rosin.  With  slacked  lime  rosin 
reacts  and  gives  a  satisfactory  mixture  up  to  3  parts  of  rosin  and  1 
part  of  slacked  lime.  A  combination  of  rosin  and  the  residual  Beau- 
wont  petroleum^  P2,  was  made  considerably  tougher  by  the  addition 
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of  lime,  and  for  this  relatively  more  lime  is  needed  than  when  used 
with  rosin  alone.  The  best  combination  obtained  was  6  parts  of  rosin  to 
3  parts  of  slacked  lime  to  2  paits  of  the  petroleum,  P2.  With  Kansas 
crude  oil  no  positive  results  could  be  obtained.  Six  parts  of  rosin,  3 
of  lime,  and  4  of  the  Kansas  oil,  P3,  gave  a  greasy  granular  mass 
without  any  apparent  binding  properties.  With  3  parts  of  oil  instead 
of  4  a  sticky  mass  was  obtained,  which,  however,  had  no  strength. 

PETROLEUM. 

All  the  crude  oils  and  petroleums  can  be  stiffened  to  some  extent  by 
mixing  with  rosin  or  hard  pitch.  None  of  the  petroleums  and  oils  that 
have  been  tested,  however,  could  be  used  alone  in  briquetting  any  of 
the  coals.  Most  of  them  were  too  fluid  and  had  little  or  no  binding 
qualities. 

MOLASSES. 

The  molasses  experimented  with  in  the  laboratory  was  that  which 
can  be  bought  in  any  market.  In  using  the  thicK  molasses  it  was 
found  advantageous  to  dilute  it  with  twice  its  weight  of  |¥ater,  and 
the  lime  was  slacked  to  a  paste  with  twice  its  weight  of  water.  When 
these  two  reagents  were  mixed  together  they  had  no  apparent  reac^tion 
until  dried  out.  Using  1  part  of  water  to  1  of  molasses  and  2  of  lime, 
there  was  no  apparent  excess  of  either,  and  the  mixture  set  at  once  to 
a  mther^hard  cement,  similar  tx)  plaster  of  Paris.  A  series  of  experi- 
ments was  made  with  Arkansas  coal,  which  showed  thac-  5  parts  of 
molasses  to  1  of  lime  would  give  the  best  results. 

WAX    TAILINGS. 

A  sample  of  wax  tailings  was  received  from  the  Standard  Oil  Com- 
pany, which  was  tested  with  Arkansas  coal.  With  2  per  rent  of  wax 
there  was  no  coherence  between  this  and  the  coal  under  moderate  pres- 
sure. With  4  per  cent,  either  hot  or  cold,  an  elastic  briquette  was 
obtained  which  was  fairly  clean,  but  yielded  under  pressure  applied 
slowly.  These  briquettes  were  burned  in  a  scorifier  placed  in  a  mufl9e, 
and  they  seemed  to  burn  perfectly.  With  pressure  a  briquette  with  4 
per  cent  was  obtained  which  had  no  greater  strength  than  the  other, 
but  was  very  smooth  and  clean.  With  5  per  cent  of  the  wax  and  with 
light  pressure  a  briquette  was  obtained  that  was  rather  sticky,  and  there 
was  undoubtedly  an  excess  of  wax,  as  was  indicated  by  its  sticking  to 
the  plunger. 

The  wax  was  also  tried  with  some  of  the  harder  pitches.  With  1  per 
cent  of  wax  and  3  per  cent  of  pitch  X  a  briquette  was  obtained  that 
had  no  coherence  whatever.     With  1  per  cent  of  wax  and  6  per  cent 
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of  pitch  the  resultant  briquette  had  no  coherence,  regardless  of  what 
pressure  was  used.  With  2  per  cent  of  wax  and  4  per  cent  of  pitch  X 
a  briquette  was  obtained  which  was  similar  to  the  one  in  which  13  per 
cent  of  pitch  X  alone  was  used.  It  was,  however,  not  a  satisfactory 
product. 

ACID  SLUDGE. 

Some  acid  sludge  was  received  from  the  Gulf  Refining  Compan}^  of 
Port  Arthur,  Tex.  It  was  mixed  with  water,  and  the  resultant  solu- 
tion was  a  weak  acid  which  did  not  seriously  attack  iron.  Part  of  this 
sludge  was  a  thin,  greasy  mass  and  the  remainder  was  of  a  rubbery, 
gmnular  consistency.  When  these  were  heated  together  to  the  melt- 
ing point  they  did  not  mix,  and  on  cooling  they  separated  into  the 
same  tw^o  parts.  The  stiffer  portion  of  the  mixture  will  mix  with 
melted  rosin,  and  the  resultant  mass  resembles  the  rubbery  petroleum, 
B2.  On  account  of  lack  of  time  no  further  work  was  attempted  with 
this  acid  sludge. 

LIME. 

No  experiments  were  made  with  lime  alone,  as  the  percentage 
required  for  making  a  briquette  that  would  hold  together  was  so  high 
that  it  precluded  entirely  its  use  as  a  binder.  The  principal  use  of 
the  lime  was  with  rosin  and  molasses,  and  these  experiments  have 
been  described  under  those  heads. 

CLAY. 

Clay  alone  was  tried  up  to  8  per  cent,  but  in  no  case  was  a  briquette 
obtained  that  w^ould  hold  together  on  drying,  although  the  clay  used 
was  a  superier  potter's  clay.  In  making  the  laboratory  briquettes  the 
clay  was  used  only  in  connection  with  lignite,  in  order  to  determine 
its  effect  on  the  strengthening  of  the  briquettes  so  that  they  would 
hold  together  in  burning.  With  2  per  cent  of  clay  there  was  little  or 
no  effect  noticed  in  the  resultant  briquette  when  rosin  and  the  petro- 
leum, P2,  were  used.  With  4  per  cent  of  clay  the  quantity  of  the 
other  two  required  was  reduced  from  6  per  cent  each  to  5i  per  cent 
each,  and  the  briquettes  that  were  made  from  this  mixture  held 
together  somewhat  better  in  the  fire.  On  account,  however,  of  the 
large  increase  in  the  percentage  of  ash  caused  by  the  clay  no  further 
tests  were  made  with  a  higher  percentage  of  clay. 

BRIQUETTES   MANUFACTURED. 

According  to  the  results  obtained  in  the  laboratory,  briquettes  in 
quantity  were  made  on  either  the  English  or  the  American  machine 
from  the  following  coals: 
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LIST  OF   (X)ALS  BRIQUETTED. 

(1)  Alabama  No.  1.     Bituminous  lump  and  nut  coal  from  mine  No.  8  of  the  Ivy  Coal 

and  Iron  Company,  Horse  Creek,  Ala. 

(2)  Arkansaf^  No.  1.     Bituminous  lump  and  nut  coal  from  mine  No.  3  of  the  Central 

Coal  and  Coke  Company,  Huntington,  Ark. 

(3)  Arkansas  No.  2.     Bituminous  lump  coal  from  mine  No.  12  of  the  Central  Coal 

and  Coke  Company,  Bonanza,  Ark. 

(4)  Arkansas  No.  3.     Bituminous  lump  and  slack  coal  from  mine  No.  18  of  the  West- 

ern Coal  and  Mining  Company,  Jenny  Lin<l,  Ark. 

(5)  Arkansas  No.  4.     Semibituminous  slack  coal  fruin  several  Arkansas  mines,  fur- 

nishetl  by  the  Western  Coal  and  Mining  Company,  8t.  I^)uis,  Mo.     The  coal 
came  principally  from  mines  1,  2,  3,  and  4,  near  Denning,  Ark. 

(6)  Arkansas  No.  5.     Semibituminous  lump  and  slack  coal  from  mine  No.  4  of  the 

Western  Coal  and  Mining  Company,  Coal  Hill,  Ark. 

(7)  Arkansas  No.  (y.     Bituminous  slack  coal  from  mine  No.  18  of  the  Western  Coal 

and  Mining  Company,  Jenny  Lind,  Ark.     This  is  from  the  same  mine  as 
Arkansas  No.  3. 

(8)  Colorado  No.  1.     Run-of-mine  black  lignite  from  the  Simpson  mine  of  the  North- 

ern Coal  and  Coke  Company,  Lafayette,  Colo. 

(9)  Illinois  No.  1.     Bituminous  limip  and  nut  coal  from  mine  No.  1  of  the  Western 

Anthracite  Coal  and  Coke  Company  near  O' Fallon,  III. 

(10)  Illinois  No.  4.     Bituminous  lump  coal  from  mine  No.  3  of  the  Donk  Brothers 

Coal  and  Coke  Company,  Troy,  III. 

(11)  Indiana  No.  1.     Bituminous  run-of-mine  coal  from  the  Mildre<l  mine  of  the 

J.  Woolley  Coal  Company,  Mildred,  Ind. 

( 12)  Indiana  No.  2.     Bituminous  run-of-mine  coal   from  the  Electric  mine  of  the 

T.  D.  Scales  Coal  Company,  Boonville,  Ind. 

(13)  Indian  Territory  No.  2.     Bituminous  run-of-mine  coal  from  mine  No.  8  of  the 

Rock  Island  Coal  Company,  Hartshorne,  Ind.  T. 

(14)  Indian  Territory  No.  3.     Bituminous  rim-of-mine  coal  from  mine  No.  1  of  D. 

Edwards  &  Son,  Edwards,  Ind.  T. 

(15)  Indian  Territory  No.  6.     Bituminous  slack  coal  from  mine  of  the  Southwestern 

Development  Company,  Coalgate,  Ind.  T. 

(16)  Iowa  No.  4.     Bituminous  lump  coal  from  mine  No.  3  of  the  Centerville  Block 

Coal  Company,  Centerville,  Iowa. 

(17)  Kansas  No.  2.     Bituminous  lump,  nut,  and  slack  coal  from  mine  No.  11  of  the 

Western  Coal  and  Mining  Company,  Yale,  Kans. 

(18)  Kentucky  No.  1.     Bituminous  run-of-mine  coal  from  Straight  Creek  mine  No. 

2  of  the  National  Coal  and  Iron  Company,  Straight  Creek,  Ky. 

(19)  Kentucky  No.  2.     Bituminous  lump,  nut,  and  pea  coal  from  mine  No.  11  of  the 

St.  Bernard  Mining  Company,  Earlington,  Ky. 

(20)  Missouri  No.  1.     Bituminous  run-of-mine  coal  from  New  Home  mine  No.  1  of 

the  New  Home  Coal  Company,  Sprague,  Mo. 

(21)  Montana  No.  1.     Washed  bituminous  coal  from  mine  near  Red  Ix)dge,  Mont. 

(22)  New  Mexico  No.  1.     Black  lignite  from  Weaver  mine  of  the  American   Fue 

Company,  3  miles  north  of  (iallup,  N.  Mex. 

(23)  New  Mexico  No.  2.     Black  lignite  slack  from  the  Otero  mine  of  the  Caledoniai 

Coal  Company,  2  miles  east  of  Gallup,  N.  Mex. 

(24)  North  Dakota  No.  1.     Run-of  mine  brown  lignite  from  T^high,  N.  Dak. 

(25)  Pennsylvania  No.  3.     Anthracite  culm  from    Pennsylvania   Coal  Company, 

Scranton,  Pa. 
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(26)  West  Virginia  No.  6.     Bituminous  run-of-mine  coal  from  mine  of  the  New 

River  Smokeless  Coal  Company,  Rushrun,  W.  Va. 

(27)  Wyoming  No.  1.     Black  lignite  from  mine  of  the  Wyoming  Coal  and  Mining 

Company,  located  at  Monarch,  Wyo. 

The  above  coals  have  been  tested  with  various  binders  on  both  the 
Englisli  and  American  machines,  and  from  a  ton  up  to  15  tons  of  bri- 
quettes have  been  made  from  each  coal.  In  the  followinpf  pages  is 
given  a  description  of  the  binders  used,  of  the  character  of  the  bri- 
quettes as  they  were  received  from  the  machine  and  after  they  were 
exposed  to  the  atmosphere,  and  of  their  behavior  when  burned.  These 
descriptions  are  taken  up  alphabetically  by  States. 

ALABAMA. 

Alahama  No,  1. — ^This  is  a  coking  coal  which  can  be  very  readily 
manufactured  into  a  briquette  with  hard  pitch,  and  which  under 
extreme  pressure  can  be  briquetted  without  the  addition  of  any  binder. 
There  were  4.5  tons  of  this  coal  briquetted  on  the  English  machine 
with  7  per  cent  of  the  hard  pitch  A.  The  briquettes  were  strong  and 
quite  satisfactory,  except  for  porosity  due  to  a  lack  of  sufficient  pres- 
sure. These  briquettes  stood  up  well  in  the  fire,^  but  on  long  expo- 
sure to  the  weather  became  somewhat  disintegrated.  The  weight  of 
the  briquettes  averaged  5^  pounds  each. 

ARKANSAS. 

All  of  the  Arkansas  coals  tested  are  similar  in  their  properties. 
They  are  higher  in  fixed  carbon  than  the  ordinary  bituminous  coal  and 
are  often  called  semianthracite  coals.  The  coals  from  Jenny  Lind  and 
Denning  show  more  of  this  character  than  the  coals  from  the  other 
sections  of  Arkansas. 

Arhan^as  No.  1, — This  coal  was  tested  only  with  hard  pitch  A,  as 
this  was  the  only  pitch  available  at  the  time  the  coal  was  briquetted. 
Six  tons  of  coal  were  mixed  with  9.25  per  cent  of  this  pitch  and  made 
into  briquettes  on  the  English  machine."  The  briquettes  were  com- 
pact and  well  pressed,  but  were  too  friable  for  handling,  showing  that 
there  was  not  sufficient  pitch.  They  were  brownish  in  color  and  ver}^ 
dirty.  Judging  from  the  results  obtained  in  working  with  other 
Arkansas  coals,  this  coal  will  require  more  than  the  usual  amount  of 
pitch. 

Arkansas  No,  2, — This  coal  was  tested  with  the  very  hard  pitch  X, 
which  at  the  time  was  the  only  pitch  available.  These  briquettes  were 
made  in  the  English  machine,  which  was  set  to  give  approximately  11 
per  cent  pitch.  There  were  6  tons  of  crushed  lump  coal  run  through 
the  machine,  but  the  resultant  briquettes  were  very  pitchy  and  wrin- 

a  For  steam  test  see  p.  80. 
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kled  and  probably  contained  nearer  15  per  cent  than  11  per  cent  pitch.** 
On  account  of  the  difficulty  of  setting  the  machine  to  feed  accurate 
percentages  of  pitch  to  the  coal,  the  experiments  were  conducted  for 
the  most  part  after  this  by  weighing  out  the  determined  quantities 
of  coal  and  pitch  by  hand.  Pitch  X,  on  account  of  its  hardness,  set 
too  quickly  in  the  molds,  so  that  the  briquettes  were  insufficiently 
pressed  and  apt  to  be  porous. 

Arkansas  No,  3. — This  coal  was  briquetted  without  running  it 
through  the  drier  with  9.5  per  cent  of  the  hard  pitch  X,  which  was 
found  to  be  plenty  for  this  coal.  The  coal  was  slightly  moist,  which 
made  it  in  just  the  right  condition  to  pass  readily  through  the  machine 
without  clogging  the  elevator.  The  coal  was  very  friable  and  was 
reduced  to  almost  a  flour  in  the  disintegrator.  The  briquettes  had 
very  smooth,  polished  surfaces,  having  received  the  greatest  pressure 
that  could  be  obtained  from  the  machine.  Some  of  the  briquettes,  as 
they  were  received  from  the  machine,  were  cracked  perpendicularly 
to  the  pressure,  which  may  have  been  due  to  an  excess  of  pressure. 
These  briquettes  weighed  on  an  average  6.8  pounds  each. 

This  coal  was  also  tested  wnth  the  somewhat  softer  pitch  A.  One 
ton  of  the  coal  was  mixed  with  8.7  per  cent  of  pitch.  A  large  excess 
of  steam  was  introduced  into  the  pug  mill  so  as  to  soften  the  pitch  as 
much  as  possible.  The  briquettes  were  smooth  and  easily  handled, 
but  somewhat  pitchy,  showing  that  there  was  an  excess  of  pitch. 
Under  the  same  conditions  of  heat  and  pressure,  7.5  per  cent  of  pitch 
A  would  have  been  sufficient,  and  if  a  good  pitch  were  used  a  still 
smaller  amount  would  make  a  good  commercial  briquette.  These 
briquettes  ignited  readily  and  did  not  disintegrate  m  the  fire  until 
they  were  consumed." 

Arkansas  No,  ^. — This  consisted  of  slack  coal,  which  was  soaking 
wet  when  received,  and  it  had  to  be  passed  through  the  drier  before  it 
could  be  used.  When  dried,  it  was  so  brittle  that  the  disintegrators 
of  the  English  machine  reduced  it  to  flour,  so  that  it  choked  up  the 
elevator  and  other  parts  of  the  machine.  The  first  run  made  of  this 
dried  coal  contained  12  per  cent  of  hard  pitch  X,  and  although  the 
briquettes  when  first  received  from  the  machine  were  very  compact 
and  smooth,  they  were  incoherent  and  unsatisfactory  and  on  exposure 
to  the  weather  ver}^  soon  began  to  disintegrate  more  or  less  and  became 
friable.  The  next  test  on  this  very  finely  divided  coal  was  with  pitch 
A.  One  ton  was  mixed  with  10  per  cent  of  pitch.  The  press  was  run 
faster,  not  only  to  make  the  pressure  greater,  but  also  to  give  the 
hard  pitch  less  time  to  set  in  the  machine.  At  the  same  time  the  dis- 
integrator was  run  slower  in  order  not  to  reduce  the  coal  to  so 
fine  a  condition.  The  briquettes  were  very  pitchy,  but  owing  to  the 
excess  of  water  from  the  condensation,   many   cracked  when   the 

«  For  steam  test  see  p.  80. 
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pressure  was  relieved.  Another  ton  of  coal  with  8  per  cent  of  pitch 
A  contained  too  much  binder,  and  another  ton  was  made  with  0  per 
cent.  These  latter  briquettes  were  compact  and  well  pressed,  but  did 
not  contain  enough  binder.  .  Seven  per  cent  of  pitch  A  gave  a  better 
result  than  either  6  or  8. 

Another  run  of  this  coal  was  made  with  3  per  cent  rosin  and  2  pe: 
cent  of  pitch  A  as  a  binder.  The  briquettes  were  very  clean  and  sharp 
in  outline,  but  were  somewhat  brittle  and  had  a  tendency  to  break  into 
largo  fragments.  They  were,  however,  physically  better  than  those 
with  6  or  8  per  cent  of  pitch  alone.  In  burning,  the}"^  held  together 
very  well,  but  smoked  more  than  those  with  pitch  alone,  but  no  odor 
of  rosin  was  given  oflf.  This  same  mixture  was  tested  on  the  American 
machine,  which  gave  clean,  polished  briquettes,  which  were  stronger 
tlian  those  made  on  the  English  machine,  indicating  that  rosin  works 
to  better  advantage  in  the  smaller  and  more  rounded  briquettes. 

A  ton  of  this  coal  was  briquetted  by  using  3  per  cent  of  rosin  and  3 
per  cent  of  pitch  A.  This  mixture  made  excellent  briquettes,  which 
were  usually  clean  and  with  sharp  edges.  It  was  also  tried  on  the 
American  machine  and  gave  exceedingly  smooth  and  lustrous  eggettes, 
which  were  stronger  than  the  large  briquettes  made  on  the  English 
machine.  The  eggettes  were  tested  in  a  cook  stove,  where  they  burned 
very  satisfactorily  without  any  odor,  but  gave  off  considerably  more 
smoke  tlian  either  coal  or  briquettes  made  from  pitch  alone  as  a  binder. 

This  coal  was  further  tested  with  the  softer  pitch  B,  w  hich  was  one 
of  the  better  pitches  for  briquetting.  One  ton  was  first  made  with  6 
per  cent  of  pitch,  and  the  briquettes  were  clean,  sharp,  and  apparently 
considerably  stronger  than  the  original  lump  coal.  These  were  the 
first  connnercial  briquettes  made  at  the  plant.  They  were  capable  of 
standing  very  rough  handling.  In  weight  they  averaged  7  pounds 
each,  and  their  specific  gravity  was  1.17.  On  the  American  machine 
this  same  mixture  gave  polished  eggettes,  but  they  were  not  so  strong 
as  those  made  on  the  English  machine.  Pitch  B  was  then  tried  with 
rosin,  the  proportions  heing  95  per  cent  of  coal,  3  per  cent  rosin,  and 
2  per  cent  pitch.  On  account  of  the  condensation  of  steam  in  the  pug 
mill,  there  was  considerable  excess  of  water  in  the  briquettes,  which, 
however,  were  smooth  and  sharp  when  received  from  the  press.  The 
excess  of  moisture  caused  them  to  crack  badly,  and  they  were  difficult 
to  handle  while  fresh.  After  cooling,  they  were  still  soft,  and  they 
were  noticeably  inferior  to  the  briquettes  made  with  3  per  cent  oj 
rosin  and  2  per  cent  of  pitch  A.  They  weighed  7.2  pounds  each.  This 
mixture  also  was  tested  on  the  American  machine,  which  made  harder 
eggettes  than  the  corresponding  briquettes  of  the  English  mac^hine. 
This  is  a  further  confirmation  of  the  supposition  that  the  smaller  and 
rounder  form  is  better  adapted  for  the  rosin  binder  and  will  result  in 
/I  harder  and  tougher  briquette. 
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The  manufacture  of  briquettes  from  Arkansas  No.  4  coal  and  6  per 
cent  of  pitch  B  as  a  binder  is  commercially  feasible.  Six  tons  of  this 
coal  were  briquetted  with  6  per  cent  of  pitch  B,  with  which  to  make  a 
boiler  test.*  A  portion  of  these  briquettes  were  made  by  ruiming  but 
one  side  of  the  disintegrator  of  the  English  machine,  and  as  they  were 
received  from  the  machine  they  were  smooth  and  uniform  but  very 
soft,  and  on  breaking  them  open  there  were  spots  that  contained  an 
excess  of  pitch,  indicating  that  the  materials  had  not  been  thoroughly 
mixed  or  that  in  passing  from  the  pug  mill  to  the  press  there  had  been 
an  opportunity  for  the  pitch  to  flow  together.  On  cooling,  however, 
these  briquettes  became  very  hard  and  tough.  Another  ton  was  made, 
running  both  sides  of  the  disintegrator,  which  made  smooth,  uniform 
briquettes,  but  it  was  almost  impossible  to  handle  them  as  they  came 
from  the  machine.  Therefore,  only  one  side  of  the  disintegrator  was 
used,  but  the  materials  were  inn  through  the  pug  mill  more  rapidly 
and  better  results  were  obtained.  On  becoming  thoroughly  cold,  all 
of  these  briquettes  were  excellent  in  every  respect.  When  these  mix- 
tures were  tried  on  the  American  machine,  the  fine  mass  obtained  by 
running  both  sides  of  the  disintegrator  made  better  eggettes  than  the 
corresponding  briquettes  of  the  English  machine,  while  the  coarser 
material  did  not  make  as  good  eggettes  as  briquettes.  The  weight  of 
the  briquettes  obtained  in  running  both  sides  of  the  disintegrator  was 
6.92  pounds  each,  while  the  coarser  briquettes  weighed  6.56  pounds 
each.  The  specific  gravity  of  these  briquettes  was  1.17  and  their 
crushing  strength  was  17,500  pounds  per  square  inch. 

Arkansas  No.  5, — On  account  of  the  success  obtained  with  these 
Arkansas  coals  and  the  softer  pitches,  it  was  decided  to  make  a  suffi- 
cient quantity  of  briquettes  for  a  locomotive  test  on  the  Missouri 
Pacific  Railroad.  For  this  purpose  17  tons  of  Arkansas  No.  5  coal  were 
briquetted  with  6  per  cent  of  pitch  C,  which  was  a  trifle  harder  than 
pitch  B.  Excellent  briquettes  were  obtained,  which  were  re^ily 
handled  while  warm,  and  on  cooling  stood  a  good  deal  of  very  rough 
handling.  They  did  not  break  so  readily  as  the  original  lumps  of  coal. 
The  briquettes  were  tested  on  a  locomotive  of  the  Missouri  Pacific 
Kailroad,  and  for  comparison  similar  runs  were  made  on  an  Illinois 
run-of-mine  coal  such  as  is  commonly  used  on  these  locomotives. 
Three  trips  were  made  from  St.  Louis  to  Washington,  Mo. ,  and  return, 
making  a  total  run  of  324  miles  for  each  fuel.  The  results  of  these 
three  runs  are  given  in  the  tables  following. 

aFor  result  of  test  see  p.  80. 
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Locomotive  test  of  briquettes  of  Arkansas  No.  6  coed. 


Date. 

Bri- 
quettes 

con- 
sumed. 

Ash 
removed. 

Front-end  Total  coal 
cinders         con- 
removed.     Bumed. 

Total  ash 
removed. 

Per  cent 
of  ash. 

Miles  to 
ton. 

November  28 

November  29 

November  30 

Pounds. 

9,720 
10,049 

9,825 

Pounds. 
1,250 
1,535 
1,226 

Pounds. 
194 
182 
228 

Pounds. 
29,594 

Pounds. 
4,615 

15 

21.89 

Locomotive  test  of  run-of-mine  Illinois  coal. 


December  1 
December  2 
December  3 


ii,2a5 

1,980 

130 

\ 

11,050 

1,558 

112 

34, 015 

5,695 

16.4 

11,700 

1,800 

115 

' 

19.05 


A  further  test  of  Arkansas  No.  5  coal  was  made  by  mixing  pitches 
C  and  A  up  to  one-fourth  of  the  soft  pitch  C  and  three-fourths  of  the 
hard  pitch  A,  and  a  briquette  of  good  quality  was  obtained,  but  it  was 
not  equal  to  the  briquette  made  with  6  per  cent  of  pitch  C.  With 
more  than  three-fourths  of  hard  pitch,  it  was  necessary  to  increase  the 
percentage  slightly,  to  use  more  steam  for  heating  and  a  greater 
pressure,  and  the  resultant  briquettes  were  considerably  inferior  and 
more  crumbly. 

Arkansaa  No.  6, — This  coal  was  briquetted  with  8  per  cent  of  pitch 
A  and  made  a  briquette  of  fair  qujility.  These  briquettes  were  made 
in  order  to  test  the  coking  value  of  the  mixture,  and  this  work  is 
described  on  pages  122  and  168. 

COLORADO. 

Colorado  No,  L — ^The  only  coal  that  was  tested  from  Colorado  is  a 
black  lignite,  which  was  first  used  undried  with  10  per  cent  of  pitch  D. 
As  these  briquettes  were  received  from  the  machine,  they  were  hard  to 
handle,  especially  when  there  was  an  excess  of  steam.  The  pitch  did 
not  seem  to  adhere  to  the  grains  of  lignite.  On  cooling,  however, 
they  became  hard,  black,  and  lustrous,  but  were  too  brittle.  The 
adhesion  of  the  pitch  to  the  grains  of  lignite  was  not  very  great.  The 
briquettes  seemed  to  be  too  pitchy,  and  if  tlie  adhesion  between  the 
pitch  and  lignite  were  greater  8  per  cent  would  undoubtedly  be  suffi- 
cient to  give  the  desired  results.  Although  there  was  no  steam  test 
made  with  these  briquettes,  they  were  burned  under  one  of  the  boilers 
and  proved  quite  satisfactory.  They  weighed  5. 98  pounds  each.  Some 
of  the  same  mixture  was  tested  on  the  American  machine,  but  the 
e^ffettes  i^ere  much  inferior  to  the  briquettes. 
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ILLINOIS. 

lUinois  No.  1. — Briquettes  from  this  coal  were  fii'st  made  with  the 
hard  pitch  X  as  a  binder.  One  and  a  quarter  tons  of  this  coal  were 
briquetted  with  16  per  cent  of  pitch  X,  but  on  account  of  the  softness 
and  roughness  of  the  coal  the  briquettes  were  brown  and  very  soft, 
resembling  pressed  damp  loam.  They  were,  however,  compact  and 
well  pressed. 

Illinois  No,  Jf,. — Two  tons  of  this  coal  were  briquetted  with  6  per 
cent  of  pitch  D.  The  coal  was  not  ground  very  fine,  there  lieing  but 
one  side  of  the  disintegrator  used.  There  was  a  great  denl  of  water 
in  the  steam,  with  the  result  that  the  briquettes  were  full  of  the  usual 
perpendicular  cracks.  Very  great  pressure  was  used,  and  some  of  the 
briquettes  were  larger  than  the  normal  size,  which  was  due  to  the 
compression  of  the  spring  of  the  machine.  The  average  weight  of 
these  briquettes  was  6.95  pounds.  The  briquettes  varied  considerably 
in  texture,  some  being  hard  and  firm  while  others  were  crumbly.  On 
cooling,  the  briquettes  were  hard  and  firm,  but  would  not  stand  very 
much  rough  handling.  The  specific  gravity  of  these  briquettes  was 
1.16,  and  their  crushing  strength  was  only  5,100  pounds  to  the  square 
inch.  Some  of  these  mixtures  were  also  tried  on  the  American  machine, 
and  the  eggettes  were  better  than  the  briquettes  made  on  the  English 
machine.     They  were  lustrous  and  had  a  deep  black  color. 

One  ton  of  this  coal  was  briquetted  with  8  percent  of  pitch  D,  using 
but  one  side  of  the  disintegmtor  and  with  the  maximum  pressure. 
Splendid  briquettes  were  obtained  with  this  combination,  but  they 
were  gray  in  color.  They  weighed  6.43  pounds  each  and  had  a  spe- 
cific gravity  of  1.11.  The  specific  gravity  of  the  coal  is  1.34.  The 
crushing  strength  of  these  briquettes  was  9,327  pounds,  as  compared 
with  5,100  when  6  per  cent  pitch  D  was  used  as  a  binder.  The 
eggettes  made  of  this  mixture  on  the  American  machine  were  not  so 
strong  as  the  briquettes. 

The  next  test  made  with  Illinois  No.  4  consisted  of  2  tons  of  the  coal 
briquetted  with  8  per  cent  of  pitch  E.  The  average  weight  of  the  bri- 
quettes was  only  6.15  pounds.  Only  one  side  of  the  disintegrator  was 
used,  and  as  the  coal  was  hard  the  briquettes  were  coarse  and  contained 
many  noticeably  large  pieces  of  coal.  The  eggettes  made  from  this 
mixture,  on  the  othei*  hand,  were  much  better  in  quality  and  quite  lus- 
trous, but  of  a  decidedly  brownish  color.  The  specific  gravity  of  these 
briquettes  was  1.13  and  their  crushing  strength  7,265  pounds  to  the 
square  inch.  To  test  the  effectof  finergrinding,  another  ton  of  this  coal 
was  briquetted  with  8  per  cent  of  pitch  E,  using  both  sides  of  the  disin- 
tegrator. In  these  briquettes  there  were  a  few  grains  of  cx)al  as  big  as 
a  kernel  of  corn;  but  for  the  most  part  the  material  was  too  fine  for 
the  percentage  of  pitch,  and  the  i*esultant  briquettes  weve.  ervxuvW^  ^ 
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although  well  pressed,  black,  and  lustrous.  They  weighed  on  an  aver- 
age 6.5  pounds  each  and  had  a  specific  gravity  of  1.03.  Their  crush- 
ing strength  was  only  6,000  pounds  to  the  square  inch.  There  was 
little  difference  in  the  properties  of  the  eggettes  made  of  this  mixture 
and  the  briquettes.  Another  ton  of  this  coal  was  briquetted  with  9 
per  cent  of  pitch  E,  using  both  sides  of  the  disintegrator  with  a  maxi- 
mum pressure,  with  the  result  that  a  briquette  of  much  better  quality 
was  obtained.  They  could,  however,  have  been  still  further  improved 
by  the  addition  of  another  one-half  per  cent  of  pitch.  The  weight  of 
these  briquettes  was  6.43  pounds  each  and  their  specific  gravity  1.08. 
Their  crushing  strength  was  9,125  pounds  to  the  square  inch.  The 
eggettes  made  from  this  mixture  were  equal  in  strength  and  quality 
to  the  briquettes  and  were  much  more  lustrous  and  bluish  black  in  color. 

Another  test  was  made  with  Illinois  No.  4  coal  and  pitch  H,  which 
is  a  by-product  from  the  manufacture  of  gas  from  heavy  petroleum. 
While  this  pitch  would  be  rather  soft  to  work  on  the  English  machine 
on  a  hot  day,  it  is  readily  cracked  and  mixed  on  a  cold  day.  One  ton 
of  the  coal  was  briquetted  with  8  per  cent  of  pitch  H,  and  the  resultant 
briquettes  were  very  strong,  clean,  and  satisfactory,  being  very  much 
better  than  any  of  the  other  briquettes  made  with  this  coal.  They 
were  readily  handled  when  taken  from  the  machine,  and  when  cold 
were  very  hard  and  tough,  and  were  capable  of  standing  a  great  deal 
of  rough  handling.  Their  average  weight  was  6.81  pounds  each  and 
their  specific  gravity  was  1.11.  Their  crushing  strength  was  12,810 
pounds  to  the  square  inch,  this  being  the  greatest  of  all  the  briquettes 
made  from  Illinois  coal. 

The  last  test  made  with  this  coal  was  with  a  soft  asphalt  received 
from  the  Gulf  Refining  Company.  In  freezing  weather  this  asphalt 
became  hard  enough  to  crack  and  thus  could  be  used  on  the  English 
machine.  On  account  of  the  cold  weather,  there  was  considerable 
water  in  the  steam,  which  produced  cracks.  Because  of  this  fact 
and  the  low  melting  point  and  thinness  of  the  asphalt  while  hot,  the 
briquettes  were  difficult  to  handle  as  they  came  from  the  machine. 
They  were,  however,  well  pressed  and  on  cooling  became  tough  and 
would  stand  nmch  handling.  A  better  result  can  probably  be  obtained 
by  using  a  small  percentage  of  rosin  with  the  asphalt. 

INDIANA. 

Two  coals  from  this  State  were  tested  more  for  comparative  pur- 
poses than  with  regard  to  their  commercial  possibilities. 

Indiana  No,  1, — Four  tons  of  this  coal  were  briquetted  with  7.  per 
cent  of  pitch  D.'*  The  coal  was  first  washed  and  then  dried.  The  bri- 
quettes were  brown  in  color,  readily  handled  as  they  came  from  the 

machine,  and  when  cold  stood  rough  handling.     The  average  weight 

■  — -       ■  . 

«  For  results  of  steam  lest  see  p.  80. 
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of  the  briquettes  was  6.8  pounds  each.  The  eggettes  of  this  mixture, 
made  on  the  American  machine,  were  better  and  stronger  than  the 
briquettes. 

Indlann  No,  '2, — One  ton  of  this  coal  was  briquetted  with  7  per  cent 
of  pitch  H,  and  the  resultant  briquettes  were  satisfactory  in  every 
way.  They  were  brown  in  color  and  resembled  those  made  of  Indiana 
No.  1  coal,  but  were  much  stronger,  due  to  the  better  quality  of  pitch. 
They  weighed  on  the  average  6.42  pounds  each. 

INDIAN   TERRITORY. 

Indian  Territory  No,  2. — ^This  coal  was  tested  with  the  hard  pitch 
X,  using  first  8.5  per  cent  of  pitch;  but  the  briquette  was  not  strong 
and  crumbled  very  readily.  With  12  per  cent  of  pitch  the  briquettes 
were  not  much  better,  and  with  13.4  the  briquettes  looked  well  as 
they  came  from  the  press,  but  were  not  strong  and  began  to  lose  their 
cornel's  soon  after  being  exposed  to  the  weather.  Judging  from  the 
runs  made,  this  coal  will  require  more  than  the  usual  pressure.  The 
briquettes  containing  8^  per  cent  of  pitch  weighed  only  5.08  pounds 
each.     Those  with  13.4  per  cent  of  pitch  weighed  6.15  pounds  each. 

Indian  Territory  No,  3, — This  coal,  which  is  hard  and  glossy,  was 
tested  on  the  English  machine  with  8  per  cent  of  pitch  A.  This  made 
fairly  good  briquettes,  which  were  clean  and  hard,  although  some- 
what porous,  but  they  were  not  so  strong  as  was  desired.  This 
defect  was  due  in  part  to  lack  of  sufficient  heat  in  the  pug  mill  to 
thoroughly  soften  the  pit<'h.  The  briquettes  as  received  from  the 
machine  weighed  6.56  pounds  each.  With  7.2  per  cent  of  pitch  A, 
this  coal  made  smooth  and  fairly  hard  briquettes,  which  weighed  6.71 
pounds  each.  With  6  per  cent  of  pitch  A,  briquettes  were  made  of 
this  coal  that  were  smooth  and  well  pressed,  but  soft.  These  averaged 
in  weight  6.8  pounds  each.  If  this  pitch  could  have  been  heated  in 
the  English  machine  to  a  sufficiently  high  temperature  to  cause  it  to 
soften  and  mix  with  the  coal,  it  would  undoubtedly  have  made  a  very 
good  briquette;  this  is  indicated  by  the  fact  that  with  a  soft  pitch,  as 
pitch  I)  or  pitch  H,  this  coal  could  be  briquetted  with  6  per  cent  of 
binder. 

Indian  Territory  No,  6. — This  sample  consisted  of  a  carload  of  very 
dirty  slack,  which  contained  considerable  fire  clay  and  some  shale. 
Laboratory  experhnents  had  shown  that  7  per  cent  of  a  binder  of  the 
quality  of  pitch  D  was  the  minimum  that  could  be  expected  to  give 
satisfactory  results.  Accordingly,  one  ton  of  this  coal  was  mixed  by 
hand  with  7  per  cent  of  pitch  D,  but  the  i*esultant  briquettes  were  very 
crumbly  and  not  at  all  satisfactory,  although  dense  and  well  pressed. 
The}^  weighed  7.35  pounds  each.  They  were  full  of  gray  streaks  on 
the  surface,  due  to  the  fire  clay,  and  on  standing  became  coated  with  a 
heavy  gray  effloiescence,  which  was  tested  and  pTOV^d \»  \i^  ^»X$s\»s£!l 
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sulphate.  Eggettes  of  this  same  mixture  made  on  the  American 
machine  were  practically  the  same  in  chai'acter  and  unusually  dull 
grayish  in  appearance.  The  specitic  gravity  of  these  briquettes  was 
1.205.  When  tested  upon  the  compression  machine  these  briquettes, 
which  were  very  crumbly  and  weak  and  broke  rather  readily  in  the 
fingers,  compressed  much  more  than  usual  before  breaking.  Their 
crushing  strength  was  5,600  pounds  per  square  inch.  Another  ton 
was  tried  with  9  per  cent  of  pitch  D,  but  the  resulting  briquettes  were 
practically  the  same  as  with  7  per  cent,  although  a  little  darker  in 
color.  They  also  showed  similar  streaks  of  fire  clay  on  the  surface 
and  their  fracture  was  decidedly  earthy.  They  weighed  on  the  average 
7.5  pounds  each.  There  seems  to  be  but  little  adhesiveness  between 
this  pitch  and  the  dirty  coal,  and  to  make  a  good  briquette  with  this 
pitch  it  would  be  necessary  to  use  probably  as  much  as  15  per  cent  or 
more. 

Satisfactory  results  with  soft  pitch  not  having  been  obtained,  one 
"^on  of  this  slack  coal  was  tried  with  8  per  cent  of  the  harder  pitch  A. 
Ihe  fc^iiuettes  were  well  pressed  and  blacker  than  those  with  7  per 
cent  of  pitch  D,  but  were  not  so  strong.  There  was  not  the  slightest 
tendency  for  the  mixture  to  become  stiff  in  the  machine,  which  is  a 
further  indication  of  the  destructive  character  of  this  coal  on  the 
properties  of  the  pitch. 

This  coal  was  next  tried  by  mixing  together  93  per  cent  of  coal,  0 
per  cent  of  rosin,  and  1  per  cent  of  quicklime.  The  lime  was  mixed 
in  lumps  from  dust  to  three-fourths  of  an  inch  in  diameter,  which  it 
was  expected  would  be  reduced  by  the  disintegmtor  and  slacked  b}' 
the  steam  of  the  pug  mill,  so  that  the  cement  would  not  set  too  quickly. 
The  disintegrator,  however,  had  ver}^  little  effect  on  the  hard  lime, 
and  consequently  there  were  many  large  unslaked  pieces  in  the 
resulting  briquettes,  which  caused  them  to  fall  to  pieces.  Some  of 
this  material  that  remained  in  the  pug  mill  for  some  time  gave  a  bri- 
quette that  was  hard  while  hot,  but  after  cooling  the  briquette  beciime 
earth3\  These  briquettes  weighed  on  an  average  7  pounds  each.  The 
eggettes  made  of  this  material  were  dense,  but  very  crumbly. 

In  order  to  overcome  the  chances  of  unslaked  lime  going  into  the 
briquettes,  the  lime  was  slaked  before  using  with  one-half  its  weight 
of  water,  making  a  fine,  dry  powder.  This  was  mixed  with  the  coal 
to  give  the  same  proportions  with  the  rosin  as  in  the  above  test,  and 
although  the  briquettes  were  smooth  and  well  formed,  having  been 
thoroughly  pressed,  they  were  crumbly  and  not  at  all  strong.  They 
were  grayish  in  color  and  similar  in  quality  to  those  made  with  7  per 
cent  pitch  D.  They  weighed  on  an  average  7.5  pounds  each.  The 
eggettes  of  this  same  material  were  very  crumbly  and  dull  in  luster. 

Some  of  these  lime-rosin  briquettes  were  burned,  and  they  were 
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found  to  give  less  smoke  than  those  with  the  rosin  and  no  lime,  and 
some  less  even  than  those  with  pitch  alone. 

Another  test  of  this  coal  was  made  with  rosin  and  Kansas  crude  oil. 
The  experiments  in  the  laboratory  had  shown  that  the  best  results 
could  be  obtained  by  using  6  per  cent  rosin  and  1  per  cent  of  the  oil. 
In  preparing  this  combination  for  the  English  machine,  the  oil  was 
first  mixed  with  five  times  its  weight  of  tine  coal,  so  as  to  make  a  non- 
sticky  mass  that  would  readilj-  mix  with  the  cracked  rosin  and  coal  in 
the  usual  manner.  On  account  of  the  rosin  becoming  very  fluid  at 
212^  F.,  the  hot  briquettes  as  they  were  received  from  the  machine 
had  no  strength,  and  cracked  slightly  under  their  own  weight  when 
piled  only  two  high.  They  also  cracked  rather  badly  owing  to  the 
water  from  the  wet  steam.  On  cooling  they  became  strong  and  were 
of  good  quality.  Some  of  the  mixture  that  was  allowed  to  stand  in  the 
mold  before  pressing  until  cool  enough  to  be  plastic  was  very  good  as 
received  from  the  machine,  but  it  had  not  been  sufficiently  pressed. 
On  standing,  these  briquettes  became  coated  with  a  heavy  brownish- 
gray  efflorescence.  The  weight  of  these  briquettes  averaged  7.29 
pounds  each  and  their  specific  gravity  was  1.25.  The  crushing  strength 
of  the  briquettes  was  on  the  average  6,400  pounds  per  square  inch. 
On  account,  however,  of  the  lack  of  uniformity  of  the  briquettes,  the 
results  of  8  tests  varied  from  4,300  to  9,240  pounds.  The  eggettes 
made  from  this  same  mixture  were  hard  and  compact,  although  of  a 
dull  color,  and  they  had  a  good  degree  of  strength  as  received  from 
the  machine.  With  an  arrangement  for  cooling  the  mass  after  it  has 
passed  through  the  pug  mill  and  before  being  fed  to  the  press,  this 
mixture  would  make  briquettes  which  would  be  very  good  physically, 
but  which  would  smoke  rather  })adly. 

Since  the  above  tests  showed  that  the  best  way  to  counteract  the 
effect  of  the  large  amount  of  fire  clay  in  this  coal  was  to  add  some 
liquid  binder  which  would  soak  into  it  and  yet  at  the  same  time  unite 
with  the  solid  binder,  another  test  was  made  with  creosote  as  a  liquid 
binder  and  pitch  as  the  hard  binder.  For  this  purpose  Indian  Territory 
No.  6  coal  was  mixed  with  8  per  cent  pitch  G  and  li  per  cent  of  creosote, 
such  as  is  used  in  preserving  timber.  The  creosote  and  five  times 
its  weight  of  fine  coal  were  first  mixed  together  and  then  thoroughly 
mixed  with  the  ctacked  pitch  and  coal.  In  operating  the  machine 
with  this  mixture,  the  amount  of  steam  used  for  heating  the  mix- 
ture was  gradually  increased  until  there  was  an  excess.  This,  how- 
ever, had  no  effect  upon  the  cooled  briquettes,  but  it  made  the  hotter 
ones  more  tender  and  a  little  harder  to  handle.  The  first  briquettes 
of  this  mixture  cracked  a  little,  due  to  excess  of  water,  but  the  remain- 
der came  from  the  machine  strong  enough  to  bear  handling  at  once. 
The  effect  of  the  excess  of  steam  was  to  insure  more  complete  soften- 
ing of  the  pitch  and  more  uniform  mixing  of  the  clay.    These  bri- 
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quettes  were  black  and  clean  and  only  slightly  streaked  with  the  (-lay. 
When  piled  up  they  stuck  together  slightly,  and  were  mottled  a  little 
from  the  creosote.  They  have,  however,  much  less  of  the  gray  efflor- 
escence than  any  of  the  Indian  Territory  No.  6  briquettes  that  have 
thus  far  been  made,  and  are  also  the  best  that  have  been  made,  although 
still  earthy.  They  are  smooth  and  black,  and  although  crumbling 
but  little  or  not  at  all  in  handling,  on  breaking  for  firing  they  will 
crumble  a  great  deal.  The  eggettes,  on  the  other  hand,  made  of  this 
same  mixture  on  the  American  machine  are  just  as  strong  and  would 
need  no  breaking  in  firing.  The  weight  of  these  briquettes  was  7.25 
pounds  each  on  an  average.  The  specific  gravity  was  1.215,  and  their 
crushing  strength  was  6,500  pounds  to  the  square  inch. 

Another  test  with  the  Indian  Territory  No.  6  coal  was  with  the 
asphalt  B5,  which  during  the  cool  weather  liad  become  hard  enough 
to  crack,  and  thus  could  be  readily  used  on  the  English  machine.  One 
ton  of  this  coal  and  8  per  cent  asphalt  were  used,  which  made  bri- 
quettes that  were  soft  and  hard  to  handle  while  warm,  especially  when 
they  contained  moisture  due  to  the  wet  steam.  The  better  ones  were 
compact,  heavy,  and  tough,  and  although  they  had  an  earthy,  oily 
appearance,  did  not  crack  when  struck  a  severe  blow.  The}'^  would 
stand  rough  handling,  but  would  be  improved  with  a  small  percentage 
of  rosin.  These  briquettes  weighed  7.12  pounds  each,  and  had  a  spe- 
cific gravity  of  1.22.  Their  crushing  strength  was  ver}^  low,  averaging 
3,200  pounds  per  square  inch.  In  making  the  compression  tests  the 
briquettes  yielded  a  great  deal  before  breaking  and  would  be  stronger 
under  a  quick  load.     The  results  varied  from  1,800  to  5,100  pounds. 

On  obtaining  a  sample  of  pitch  H  it  was  decided  to  try  the  effect  of 
this  pitch  on  the  Indian  Territory  No.  6  coal.  The  best  results  were 
obtained  with  this  as  a  binder.  One  ton  of  coal  was  mixed  with  8  per 
cent  of  pitch  H,  and  with  nearly  dry  steam  and  good  pressure  the\' 
made  hard,  compact  briquettes.  Although  somewhat  earthy,  the\^ 
would  stand  rough  handling.  Their  average  weight  was  7.27  pounds 
each. 

IOWA. 

Iowa  No.  ^. — One  ton  of  this  coal  was  briquetted  with  7  per  cent  of 
pitch  E.  The  briquettes  were  well  pressed,  of  a  grayish  color,  but  on 
cooling  crumbled  decidedly.  They  weighed  6.73  pounds  each.  As 
they  did  not  contain  an  excess  of  pitch,  7  tons  more  of  this  coal  were 
briquetted  with  8  per  cent  of  pitch  E,  in  order  to  have  a  sufficient 
quantity  for  a  steam  test.^  The  resultant  briquettes  were  bluish  black 
in  color,  but  they  were  not  quite  hard  enough,  although  fairly  strong, 
and  would  stand  considerable  hard  treatment  in  transportation.  In 
burning  they  held  together  until  consumed.     They  weighed,  on  an 

a  For  result  of  this  test  see  p.  81. 
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average,  6.77  pounds  each.  The  eggettes  made  from  this  same  mixture 
were  stronger  than  the  briquettes,  had  a  polished  surface,  but  were 
very  brown  in  color.  In  the  cook  stove  they  burned  very  satisfac- 
torily, without  crumbling  hardly  at  all. 

KANSAS. 

Kansas  No.  2, — Two  tons  of  this  coal  were  briquetted  with  11  per 
cent  of  pitch  X.  The  pitch  of  the  mixture,  in  passing  through  the 
machine  from  the  pug  mill  to  the  press,  set  so  quickly  that  the 
briquettes  did  not  receive  the  necessary  pressure.  The  surface  was 
rough,  and  a  great  many  cracks  were  developed.  No  more  of  this 
coal  was  available  for  briquetting  after  receiving  pitch  of  the  better 
qualities.  It  is,  however,  a  coal  that  will  briquette  very  readily  with 
pitch  of  the  better  grades,  such  as  pitch  D  or  pitch  H.  It  requires 
about  7  per  cent  of  either  for  commercial  briquettes. 

KENTUCKY. 

Kentucky  No.  1. — This  coal  is  a  good  coking  coal,  but  is  unusually 
light  in  weight  and  is  very  lustrous.  In  passing  through  the  disinte- 
grator it  was  ground  a  little  too  fine,  even  when  using  only  one  side 
of  the  machine.  Then,  again,  on  account  of  its  light  weight  it  was 
diflicult  to  give  it  the  right  pressure  on  the  English  machine.  The 
coal  was  tested  with  6  per  cent  of  pitch  D,  and  the  resultant  briquettes 
were  clean  and  black,  but  not  sufficiently  pressed  to  close  all  the  pores. 
They  were,  however,  very  good  briquettes,  and  would  stand  rough 
treatment  in  transportation.  They  stood  weathering  with  but  little 
change.  They  weighed  on  an  average  6.15  pounds  each.  The  eggettes 
made  from  this  same  mixture  were  very  smooth  and  lustrous  and  as 
strong  as  any  eggettes  that  have  been  made  on  the  American  machine. 
In  the  cook  stove  they  burned  very  satisfactorily  without  disintegrat- 
ing or  giving  off  an  excess  of  smoke.  This  coal  can  be  briquetted  ver}'^ 
readily. 

Kentucky  No.  2. — As  there  were  none  of  the  good  pitches  available 
at  the  time  this  coal  was  tested,  it  was  briquetted  with  9  per  cent 
pitch  E,  which  was  the  percentage  determined  by  laboratory  work. 
Three  tons  of  this  coal  were  tested  with  9  per  cent  pitch  E.  The 
resultant  briquettes  were  extremely  pitchy,  and  on  account  of  the 
excessive  water  due  to  wet  steam,  these  briquettes  were  difficult  to 
handle,  and  when  piled  three  or  four  deep  they  crushed  under  their  own 
weight.  With  di-ied  steam  the  briquettes  were  more  easily  handled. 
Although  still  somewhat  plastic,  they  did  not  crush  when  piled  up. 
On  cooling,  the  briquettes  were  very  hard,  having  a  lustrous  fracture, 
and  were  capable  of  standing  a  great  deal  of  rough  handling.  These 
briquettes  weighed  on  an  average  6.83  pounds  each.     The  eggettes 
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made  of  this  same  mixture  were  very  hard  and  sonorous,  but  rather 
too  brittle.  In  the  cook  stove  the  eggettes  burned  very  satisfactorily. 
This  coal  was  tested  with  8  per  cent  pitch  E,  using  3^  tons  of  coal 
and  giving  the  briquettes  the  greatest  pressure  possible  on  the  English 
machine."  As  the  coal  is  very  hard,  only  one  side  of  the  disintegrator 
was  used,  and  in  the  resultant  briquettes  there  were  many  large  pieces 
of  coal,  but  there  were  also  sufficient  small  pieces  to  fill  in  all  the  open- 
ings between  the  larger  fragments.  This  is  a  nearly  ideal  condition 
for  briquetting  on  the  English  machine.  The  briquettes  were  bluish 
black  and  excellent  in  every  way.  They  did  not  have  the  glossy  or 
lustrous  fracture  of  the  briquettes  containing  9  per  c^nt  of  pitch,  but 
they  were  a  better  commercial  briquette  and  were  more  easily  handled 
when  taken  from  the  machme.  With  pitch  of  the  quality  of  pitch  D  or 
pitch  H,  from  5  to  6  per  cent  would  make  a  good  briquette.  These  bri- 
quettes would  stand  a  great  deal  of  rough  treatment  in  transportation, 
and  in  burning  they  did  not  disintegrate,  nor  was  there  much  slack 
formed  in  breaking  them  for  burning.  They  weighed  on  an  average 
6.83  pounds  each  and  had  a  specific  gravity  of  1.13,  as  compared  with 
1.37,  the  specific  gravity  of  the  slack  or  fine  coal.  The  slack  which 
was  used  in  making  the  briquettes  contained  18  per  cent  of  ash,  but 
the  lump  coal  contained  only  11  per  cent  of  ash.  The  crushing  strength 
of  the  briquettes  was  11,300  pounds  to  the  square  inch.  The  eggettes 
made  from  this  same  mixture  were  stronger  and  better  than  those 
made  with  9  per  cent,  although  not  so  sonorous  and  hard.  They  were 
also  browner  in  color.  The  eggettes  were  not  so  strong  as  the 
briquettes. 

MISSOURI. 

Missouri  JVo.  L — At  the  time  this  coal  was  tested  only  the  hard  pitch 
was  available.  Two  and  a  half  tons  of  this  coal  that  had  been  pre- 
viously w^ashed  were  briquetted  with  11.5  per  cent  of  pitch  A.  The 
resultant  briquettes  were  black  in  color  and  sufficiently  hard  to  stand 
rough  handling,  but  on  account  of  the  pitch  setting  too  quickly  they 
were  insufficiently  pressed  and  were  granular  and  porous.  *  This  coal 
will,  however,  briquette  very  readily,  and  with  the  softer  pitches,  ;is 
pitch  D  and  pitch  H,  will  make  a  good  briquette  with  about  6  to  7  per 
cent  of  binder. 

MONTANA. 

Montana  No.  1. — This  coal  was  dried  slightly  before  briquetting. 
It  was  tested  with  16  per  cent  of  pitch  A.  The  full  limit  of  pressure 
that  could  be  obtained  on  the  Slnglish  machine  was  used,  and  although 
the  briquettes  were  well  pressed,  they  were  somewhat  porous  and 
rough  on  the  surface.     They  were  black,  but  not  very  glossy.     They 

«  For  results  of  steam  test  sec  p.  81.  ^  For  .steam  test  see  p.  81. 
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stood  rough  handling,  and  they  weighed  on  the  average  6.30  pounds 
each. 

This  coal  was  briquetted  with  7  per  cent  pitch  B,  using  the  high- 
est pressure  obtainable.  As  received  from  the  ])r(\ss,  these  briquettes 
were  somewhat  plastic,  but  on  cooling  they  proved  to  be  brittle.  They 
weighed  on  an  average  7  pounds  each. 

NEW  MEXICO. 

New  Mexico  No,  1, — This  black  lignite  was  first  briquetted  with  12 
per  cent  pitch  A,  but  the  resultant  briquettes  were  unsatisfactory  in 
every  way.  Five  and  a  half  tons  of  this  coal  were  briquetted  with 
16.8  per  cent  pitch  X,  and  the  resultant  briquettes  were  apparently 
good  in  every  way  and  could  be  handled  very  easily  without  any 
crumbling.  On  cooling,  however,  they  began  to  crumble,  nd  they  did 
not  stand  the  weather  very  well.  In  burning  they  showed  a  great 
tendency  to  disintegrate. 

This  coal  was  tested  on  the  English  machine  with  8  per  cent  pitch  D. 
The  resultant  briquettes  were  rather  cnmibly  and  earthy,  and  on  cool- 
ing were  covered  with  white  efflorescence.  They  did  not  contain  a 
sufficient  quantity  of  pitch.  They  weighed  on  an  average  6.83  pounds 
each  and  had  a  specific  gravity  of  1.13.  Their  crushing  strength  was 
7,120  pounds  to  the  square  inch. 

As  8  per  cent  of  pitch  D  did  not  give  any  excess  of  binder,  and  as 
the  resultant  briquettes  were  not  satisfactory,  another  ton  of  this  coal 
was  tested  with  10  per  cent  of  pitch  D.  While  the  briquettes  fresh 
from  the  machine  were  somewhat  stronger  than  those  with  8  per  cent 
of  pitch  D,  it  was  found  that  upon  standing  and  becoming  thoroughly 
cool  they  became  so  like  those  made  with  8  per  cent  pitch  that  they 
could  not  be  distinguished  from  each  other.  This  indicated  that  a 
satisfactory  briquette  could  not  be  made  with  this  pitch,  even  by 
greatly  increasing  the  percentage.  In  making  these  briquettes,  the 
English  machine  was  run  under  ideal  conditions,  having  a  constant 
pressure;  the  coal  was  sufficiently  dry  and  not  too  fine,  and  could  te 
briquetted  at  a  moderate  temperature.  There  was  a  little  more  white 
efflorescence  on  the  briquettes  with  the  10  per  cent  than  with  the  8 
per  cent  pitch  D,  although  the  briquettes  were  quite  glossy.  The 
average  weight  of  these  briquettes  was  6.42  pounds  each  and  their 
specific  gravity  was  1.02.  The  crushing  strength  of  these  was  5,900 
pounds  per  stjuare  inch,  as  compared  with  7,120  pounds  per  square 
inch  for  those  made  with  S  per  cent  pitch  D.  The  eggettes  were  quite 
glossy  on  the  surface,  but  had  a  dull  fracture  and  were  not  very 
tenacious.     There  was  a  tendency  to  disintegration  in  burning. 

The  most  satisfactory  test  was  with  pitch  H,  and  one  ton  of  this  coal 
was  briquetted  with  8  per  cent  of  this  pitch.     The  resultant  briquettes 
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were  hard,  strong,  and  clean,  being  much  better  in  every  way  than 
any  briquettes  of  this  coal  made  with  pitch  D.  They  weighed  on  the 
average  6.26  pounds  each  and  their  specific  gravity  was  1.06.  Their 
crushing  strength  was  13,060  pounds  per  square  inch,  nearly  twice  the 
strength  of  those  made  with  8  per  cent  pitch  D. 

^W'  MexiA^o  No,  2. — This  black  lignite  is  almost  identical  with  New 
Mexico  No.  1.  It  was  tested  with  9.3,  10.5,  and  12  per  cent  of  pitch 
X,  but  in  every  case  the  resultant  briquettes  were  very  crumbly  and 
no  positive  results  could  be  obtained. 

This  coal  was  next  tested  with  pitch  D  as  a  binder,  one  ton  of  the 
coal  being  briquetted  with  7  per  cent  of  pitch  D.  The  resultant 
briquettes  were  very  crumbly,  gray  in  color,  and  had  an  earthy  fracture. 
They  were  neither  hard  nor  strong  and  were  porous,  although  the 
pressure  was  increased  to  the  limit.  There  did  not  seem  to  be  any 
diflFerence  in  the  resultant  briquette,  whether  made  with  a  low  or  high 
pressure.  There  was  a  large  amount  of  grayish  efflorescence  that 
came  out  on  the  briquettes  almost  immediately.  They  weighed  on  an 
average  7  pounds  each.  The  eggettes  made  from  this  mixture,  although 
not  so  porous,  had  the  same  earthy  appearance  and  fracture  and  gray 
color. 

Another  ton  of  this  coal  was  briquetted  with  9  per  cent  of  pitch  D, 
and  there  was  an  excess  of  pitch,  as  was  indicated  by  the  bluish  color 
on  the  external  surfaces,  due  to  partial  volatilization  of  the  pitch.  On 
account  of  an  excess  of  steam,  the  briquettes  were  rather  soft  as 
received  from  the  machine,  and  owing  to  the  excess  of  pitch  many  of 
them  stuck  together.  Although  they  were  better  than  those  made 
with  7  per  cent  pitch  D,  they  were  not  commercial  briquettes. 
They  weighed  on  an  average  7.12  pounds  each.  This  coal  was  very 
dirty  and  contained  considerable  clay,  and  the  same  difficulties  were 
experienced  in  briquettiug  it  with  pitch  as  with  the  Indian  Territor}^ 
No.  6  coal.  From  the  work  that  was  done  on  this  sample,  it  has  been 
definitely  proved  that  such  dirty  lignites  can  not  be  well  briquetted 
with  any  commercial  percentage  of  pitch  as  a  binder,  unless  perhaps 
it  is  a  pitch  made  from  petroleum,  as  pitch  H. 

Five  tons  of  this  coal  were  briquetted  on  the  American  machine, 
using  10.25  per  cent  of  the  Hoffman  patent  binder,  consisting  of 
petroleum,  rosin,  and  quicklime.  These  briquettes  were  not  very 
tough,  but  held  together  pretty  satisfactorily  when  burned  under  the 
boiler.  ^ 

NORTH  bAKOTA. 

North  Dakota  No.  1, — This  is  a  tough,  woody,  brown  lignite,  which 
does  not  disintegrate  very  readily.  In  the  first  test  the  lignite  was 
not  previously  dried  and  was  mixed  with  10  per  cent  of  pitch  A. 


a  For  steam  test  see  p.  82. 
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Although  the  highest  pressure  possible  was  used,  the  resultant  bri- 
quettes were  v^ery  porous  and  had  the  appeamnce  of  an  incoherent 
mass  of  chips.  With  12  per  cent  of  pitch  A  the  bri(|uette.s  were  still 
porous  and  noncoherent,  and  on  standi njr  for  jsouio  time  exposed  to  the 
weather  the  grains  and  f  nignients  of  lignite  })egan  to  slack  off.  Between 
the  fi'agments  of  lignite  there  was  an  excess  of  pitch  observed,  but  it 
did  not  seem  to  have  any  adhesion  for  the  fragments.  As  the  bri- 
quettes were  cooling  it  was  noticed  that  the  contained  steam  acted 
upon  the  lignites,  giving  them  the  appearance  of  lumps  of  soft,  brown 
loam  surrounded  by  pitch. 

The  next  test  was  made  with  dry  material,  the  lignite  having  been 
previously  ground  to  about  4-mesh.  One  ton  of  this  dry,  fine  material 
was  mixed  with  12  per  cent  of  pitch  A  and  run  through  the  English 
machine,  only  one  side  of  the  disintegrator  being  used.  There  was  no 
excess  of  steam  and  the  full  pressure  was  used,  but  the  resultant 
briquettes  were  open.  With  })oth  sides  of  the  disintegrator  in  use 
there  was  a  slight  improvement  in  the  briquettes,  but  they  were  all  a 
porous,  incoherent  mass,  and  on  exposure  to  the  weather  began  to  dis- 
integrate. There  was  apparently  an  excess  of  pitch  between  the  flakes, 
similar  to  that  observed  in  the  first  ton  tested.  The  same  mixtures 
were  tested  on  the  American  machine,  and  the  eggettes,  when  first 
received,  had  a  polished,  lustrous  appearance,  but  became  rough  imme- 
diateh%  and  they  had  almost  no  coherence.  This  lignite  was  tested 
further  by  increasing  the  percentages  of  pitch,  allowing  the  mixtures 
to  remain  longer  in  the  pug  mill,  and  increasing  the  pressure  to  the 
limit  that  could  be  attained  on  the  English  machine,  but  no  briquettes 
were  obtained  that  had  any  coherence,  and  all  the  results  were  negative. 

PENNSYLVANIA. 

Pen/thsylvania  No.  3. — This  sample  consisted  of  a  car  load  of  anthra- 
cite culm.  The  first  test  was  with  90  parts  of  the  culm  and  10  parts  of 
a  West  Virginia  coking  coal,  and  12^  per  cent  of  hard  pitch  A.  The 
mixture  was  run  through  the  English  machine,  both  sides  of  the 
disintegrator  })eing  used,  and  the  briquettes  being  pressed  to  the  limit 
of  the  machine.  On  account  of  the  hardness  of  the  anthracite  coal, 
it  did  not  disintegrate  to  any  great  extent  and  the  resultant  bri- 
quettes resembled  concrete.  These  briquettes  were  hard  and  tough, 
and  even  with  this  inferior  pitch  were  of  good  quality.  They  weighed 
on  an  average  7.2.5  pounds  each.  During  combustion  they  burned 
like  lumps  of  anthracite  coal,  making  but  little  flame.  On  standing 
exposed  to  the  weather  the  briquettes  did  not  suffer  to  any  extent 
except  during  hard  rains,  when  their  surfaces  l)ecame  pitted.  Appar- 
ently this  pitting  was  due  to  the  wearing  away  of  the  softer  pitch  from 
the  harder  fragments  of  anthracite. 
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This  culm  was  next  tested  with  the  softer  pitch  B,  using  84  per  cent 
of  anthracite,  9  per  cent  of  West  Virginia  coking  coal,  and  7  per  cent 
of  pitch  B.  For  this  test  the  coarsest  and  driest  portion  of  the  anthra- 
cite culm  was  used.  This  combination  made  fair  briquettes,  but  they 
would  have  been  improved  if  dry  steam  could  have  been  used.  The 
briquettes  weighed  on  an  average  7.64  pounds  each  and  had  a  specific 
gravity  of  1.174,  while  the  specific  gravity  of  the  raw  culm  was  1.52. 
The  crushing  strength  of  the  briquettes  was  only  4,500  pounds  to  the 
square  inch.  The  eggettes  of  this  mixture  made  on  the  American 
machine  were  harder  and  firmer  than  the  corresponding  briquettes. 
They  all  burned  like  anthracite  coal,  except  that  in  starting  the  fire 
they  were  more  easily  ignited  and  burned  at  first  with  a  short  flame. 

Another  ton  of  the  anthnunte  culm,  which  had  been  kiln-dried,  was 
briquetted  with  7  per  cent  of  pitch  B  without  the  addition  of  any  bitu- 
minous coal.  If  the  steam  introduced  into  the  pug  mill  was  wet,  the 
fresi)  briquettes  were  almost  too  soft  to  handle.  If,  however,  the 
steam  was  dry,  they  were  firm  and  polished.  Although  the  briquettes 
were  not  so  lustrous  as  those  made  with  soft  coal,  they  were  clean, 
smooth,  hard,  and  strong,  and  when  dropped  they  rang  like  stone.  The 
eggettes  of  this  mixture  made  on  the  American  machine  were  also  very 
good,  but  no  better  than  the  briquettes.  Both  the  eggettes  and  the  bri- 
quettes burned  like  lump  anthracite,  with  very  little  flame  or  crumbling. 
In  breaking  the  large  briquettes  there  wa«*  but  little  waste.  These 
weighed  on  an  average  7.4  pounds  each  and  had  a  specific  gravit}^  of 
1.28,  the  specific  gravity  of  the  coal  being  1.52.  The  crushing  strength 
of  the  briquettes  was  17,100  pounds  per  square  inch,  and  the  test  was 
made  on  briquettes  that  had  been  exposed  to  the  weather  for  over  a 
month. 

One  ton  of  the  anthracite  culm  was  also  tested  with  7  per  cent  of 
pitch  D  as  a  binder;  but,  on  account  of  lack  of  pressure,  the  resultant 
briquettes  were  porous  and  not  so  good  as  those  which  contained 
7  per  cent  of  pitch  B.  They  stuck  together  while  hot,  indicating  that 
7  per  cent  of  pitch  D  was  suflScient  and  that  an  increase  of  pitch  would 
not  improve  them.     They  weighed  but  7.06  pounds  each  on  an  average. 

A  5-ton  lot  of  the  anthracite  culm  was  briquetted  with  10  per  cent 
of  West  Virginia  coking  coal  and  11^  per  cent  of  the  Hoffman  patent 
binder  on  the  American  machine.  The  resultant  eggettes  were  hard, 
smooth,  and  clean,  with  a  somewhat  polished  surface,  and  stood  consid- 
erable rough  handling.  These  eggettes  were  tested  by  burning  under 
a  boiler,  the  fire  box  of  which  was  fitted  for  a  })ituminous  coal.^  Al- 
though made  of  79f  i>er  cent  of  anthracite,  they  did  not  burn  like  an- 
thmcite,  and  their  oil  and  rosin  constituents  gave  a  long  flame  to  the 
fuel  and  the  lx)iler  ran  at  86  per  (^ent  of  it^  rated  capacity. 

a  For  result  of  steuni  test  see  p.  82, 
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From  the  results  of  these  test«  it  is  apparent  that  anthi^acite  culm 
<'an  be  satisfactorily  briquctted  either  in  combination  with  a  coking 
i^oal  or  b\'  using  simply  pitch  as  a  binder,  and  that  the  resultant 
briquettes  have  most  of  tlie  properties  of  lump  anthracite. 

WEST  VIRGINIA. 

All  of  the  West  Virginia  coals  tested  at  the  plant  were  good  coking 
coals,  so  that  there  was  little  need  of  briquetting  experiments. 

WeM  Virginia  N(p,  3, — A  test  was  made  with  this  coal  in  the  labora- 
tory to  determine  if  it  is  possible,  under  a  certain  pressure  and  tem- 
perature, to  make  a  bri(]uette  without  any  binder.  A  briquette  was 
obtained  which,  although  not  perfectly  satisfactory,  indicates  that 
under  certain  conditions,  with  the  right  pressure  and  temperature, 
briquettes  could  be  made  with  this  coal  without  any  binder  whatever. 
West  Vh^ginia  No,  0. — The  first  test  made  on  this  coal  was  with  5 
per  cent  of  the  very  glossy  homemade  pitch  Y.  The  pressure  used 
was  the  limit  that  could  be  obtained  on  the  English  machine,  and  the 
resultant  briquettes  were  hard,  clean,  and  strong,  and  had  a  sharp 
glossy  f  i-acture.  They  were  in  every  way  equal  to  the  best  briquettes 
that  had  been  made  on  this  machine.  They  weighed  on  an  average 
6.12  pounds  each.  On  account  of  the  excellent  quality  of  the  briquettes 
with  5  per  cent  of  pitch,  another  ton  was  briquetted  with  only  3 
per  cent  of  pitch  Y.  Extreme  pressure  was  applied,  and  the  resul- 
tant briquettes  were  unusually  smooth  and  glossy,  but  not  quite 
strong  enough.  They  crumbled  instead  of  cracking  clean  under  the 
blows  of  a  hammer.  The  briquettes  containing  6  per  cent  of  pitch, 
when  broken,  made  little  or  no  waste  and  had  a  clean  fracture. 

On  the  American  machine  the  mixture  containing  5  per  cent  of  pitch 
Y  made  very  glossy  and  solid  cggettes,  which  were  very  strong  and 
would  stand  a  great  deal  of  very  rough  handling.  One  surprising 
quality  of  these  briquettes  was  that  when  tested  in  the  cook  stove 
they  burned  with  little  or  no  caking,  although  the  coal  itself  is  a  very 
good  coking  coal.  The  briquettes,  when  exposed  to  the  weather,  were 
atfected  Imt  little  and  did  not  disintegrate  appreciably.  In  burning 
they  held  together  until  entirely  consumed. 

This  coal  was  also  tested  with  the  Hoffuian  patent  binder,  and  the 
resultant  eggettes  were  also  of  very  good  quality,  being  hard,  glossy, 
and  clean;  but  in  burning  they  caked  more  than  those  with  5  per  cent 
of  pitch. 

WYOMING. 

Wyoming  No.  1, — This  coal  was  a  very  black,  pitchy-looking  lignite, 
which  contained  23  per  cent  of  water.  It  was  first  tried  without  drying, 
9  per  cent  of  pitch  H  being  used.  Judging  from  the  rasulting  briquette, 
there  was  a  slight  excess  of  pitch,  but  on  account  of  the  large  amount 
of  water  in  the  lignite  the  pitch  apparently  iaWed  \a^  ^d^<^\^  \j^  '^^ 
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gmins  of  lignite.  The  fresh  briquettes  were  difficult  to  handle,  and 
when  broken  open  the  grains  of  lignite  seemed  to  be  wet,  as  if  coated 
with  moisture,  which  prevented  the  pitch  from  adhering  to  them. 
Many  of  the  briquettes  were  porous,  not  being  sufficiently  pressed, 
and  they  were  also  brittle.  Some  of  them,  however,  were  quite  good. 
When  broken  up  and  burned  in  the  stove  they  stood  up  in  the  iire 
very  well  and  burned  better  than  any  lignite  briquette  that  had  thus 
far  been  made.     They  weighed  on  an  avemge  6.31  pounds  each. 

Another  ton  of  this  lignite  was  ground  in  the  Williams  mill  and 
run  through  the  drier,  but  this  operation  removed  only  a  portion  of 
the  water,  so  that  the  bricjuette  still  contained  considerable  water. 
This  material  was  briquetted  on  the  English  machine  with  8  per 
cent  of  pitch  H.  A  minimum  amount  of  steam  was  used,  which 
did  not  contain  any  excess  of  water,  and  a  maximum  pressure  was 
applied.  As  received  from  the  machine,  man}-  of  the  briquettes  showed 
perpendicular  cracks  due  to  the  excessive  pressure.  The  hot  briquettes 
were  difficult  to  handle,  the  individual  gmins  of  the  lignite  seeming  to 
be  wet  and  not  cohering  at  all.  Even  under  their  own  weight  many 
of  them  would  crack  badly.  On  breaking  open  the  hot  briquettes  the 
grains  of  lignite  seemed  to  move  about  as  if  the}'  were  alive.  This  lack 
of  cohesion  continued  until  the  pitch  became  quite  hard  and  could  no 
longer  be  pressed  in  the  machine.  Thus  the  variation  in  the  steam 
used  as  the  mixture  passed  through  the  pug  mill  had  no  effect  on  the 
cohesion  of  the  resultant  briquettes.  On  cooling,  however,  these 
briquettes  became  very  hard  and  strong  and  broke  with  a  sharp  frac- 
ture and  with  but  a  small  amount  of  waste.  In  burning,  these  bri- 
quettes did  not  fall  to  [)ieces,  as  had  been  the  case  with  the  other  lignite 
briquettes,  but  burned  ver}^  satisfactorily.  They  were  very  light, 
weighing  only  5.85  pounds  each,  and  had  a  specitic  gravity  of  0.98. 
The  specific  gravity  of  the  coal  was  onl}'  1.16.  The  crushing  strength 
of  these  bri(iuettes  was  9,600  pounds  to  the  square  inch. 

Another  ton  of  this  coal  was  tested  with  a  soft,  tough  asphalt,  B6, 
that  was  received  from  Casper,  W3^o.  As  had  been  shown  by  labora- 
tory tests,  this  ivsphalt  could  not  be  used  on  the  English  machine  alone, 
and  as  a  result  the  lignite  was  briquetted  with  5  per  cent  of  asphalt 
B6,  2i  per  cent  of  rosin,  and  1  per  cent  of  lime  which  had  previously 
been  hydrated.  This  mixture  worked  perfectly  in  the  machine,  and 
the  hot  briquettes  were  firm  and  good  and  easily  handled,  but  the 
proportion  of  binder  was  not  sufficient  and  the  briquettes  were  dry 
and  not  strong.  Another  reason  for  this  result  was  that  during  the 
two  crushings  and  dryings  of  the  lignite  the  grains  had  l)ecome  of  a 
nearly  uniform  size  (about  10-mesh),  so  that  the  resultant  briquettes 
were  very  porous  in  spite  of  the  maxinmm  pressure  used.  In  burn- 
ing, the  briquettes  fell  to  pieces.  They  weighed  on  an  average  5.40 
pounds  each.  A  combination  of  this  coal  and  asphalt  i^an  undoubtedly 
l^e  obtained  which  will  briquette  satisf actorWy . 
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CX)KE   BREEZE. 

In  order  to  determine  whether  it  was  possible  to  use  waste  coke 
breeze,  a  series  of  experiments  was  made  in  the  laboratory  which 
showed  that  coke  breeze  could  be  briquetted  so  that  it  could  be  used 
as  a  substitute  for  lump  coke.  In  order  to  make  a  practical  test,  a  ton 
of  this  mixture  was  made  containing  73  per  cent  of  crushed  coke,  20 
per  cent  of  West  Virginia  No.  6  coal,  and  7  per  cent  of  homemade 
pitch  Y.  These  materials  were  mixed  thoroughly  by  hand  and  run 
through  the  English  machine,  both  sides  of  the  disintegrator  being  used. 
They  were  well  pressed,  and  as  delivered  by  the  machine  they  were 
unusually  dry  and  had  a  brassy  to  bronze  sheen  on  the  surface,  which 
looked  as  though  it  might  be  due  to  an  abrasion  of  the  brass  of  the 
molds.  Upon  testing  this  material,  however,  it  was  found  to  contain 
only  the  faintest  possible  trace  of  copper.  The  briquettes  were  hard 
and  strong  and  easily  handled  while  hot,  but  were  somewhat  dirty. 
On  cooling  they  became  unusually  tough  and  stiong,  and  during  com- 
bustion were  very  solid  and  burned  more  like  anthracite  than  bituminous 
coal.  Such  a  combination  would  make  a  good  substitute  for  anthracite 
coal.     These  briquettes  weighed  on  an  average  5.78  pounds  each. 

The  same  mixture  was  run  through  the  American  machine,  and  the 
resultant  eggettes  were  dense,  smooth^  and  polished,  but  not  so  tough 
as  the  corresponding  briquettes.  While  warm  the}^  would  stand  a 
great  deal  of  rough  handling,  but  on  cooling  they  became  more  brittle. 
This  may  be  due  to  the  crushing  of  the  coke  grains  by  the  excessive 
pressure  obtained  in  the  American  machine. 

The  next  test  of  coke  breeze  was  made  without  the  introduction  of 
any  bituminous  coal,  and  the  mixture  consisted  of  92  per  cent  of  coke 
])reeze  and  8  per  cent  of  pitch  D.  In  passing  this  mixture  through 
the  English  machine  both  sides  of  the  disintegrator  were  run,  a  mini- 
nmm  amount  of  steam  was  used,  and  a  moderate  pressure  exerted. 
The  resultant  briquettes  were  clean,  well  formed,  and  when  struck  had 
a  metallic  ring.  They  were  very  tough  and  strong,  and  would  bear 
much  more  handling  than  any  of  the  briquettes  matle  out  of  the  coal. 
They  burned  like  ordinary  coke,  without  any  disintegration  and  with 
only  a  little  flame.  These  briquettes  weighed  on  an  average  5.92 
pounds  each.  The  well-pressed  briquettes  had  a  specific  gravity  of 
1.025  and  the  porous  briquettes  had  a  specific  gravity  of  1.002.  The 
crushing  strength  of  the  better  briquettes  was  30,100  pounds  to  the 
square  inch,  while  the  porous  briquettes  had  a  crushing  strength  of 
22,1(X)  pounds.  In  comparing  the  results  of  the  crushing  strength  of 
these  coke  briquettes  with  those  made  from  coal,  it  will  be  seen  that 
even  the  porous  briquettes  had  a  much  greater  crushing  strength  than 
the  best  of  the  coal  briquettes. 
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The  eggettes  of  this  same  mixture  that  were  made  on  the  American 
machine  were  very  hard  and  had  the  same  metallic  ring  as  the  bri- 
quettes. On  account  of  the  fragments  of  coke  being  crushed  in  the 
press,  these  were  denser  than  the  briquettes,  but  not  so  tough.  They 
were,  however,  very  satisfactory.  The  manufacture  of  these  eggettes 
or  briquettes  should  be  a  means  of  utilizing  a  considerable  amount 
of  waste  coke. 

COKING  OP  BRIQUETTES  AND  BRIQUETTE  MIXTURES. 

In  connection  with  the  briquetting  of  the  various  coals,  a  line  of 
experimental  work  suggested  itself,  viz,  the  possibility  of  making  a 
coke  out  of  a  semi  to  non  coking  coal  by  the  introduction  of  sufficient 
volatile  matter  in  the  form  of  a  binder  to  cause  the  coal  to  coke.  The 
first  experiment  along  this  line  was  tried  with  some  of  the  briquettes 
made  from  Arkansas  No.  4  coal  and  6  per  cent  of  pitch  B,  by  filling 
a  box  with  about  12  crushed  briquettes  and  then  placing  this  in  one 
of  the  coke  ovens,  where  it  remained  during  a  run  of  a  coking  coal. 
The  result  of  this  experiment  was  the  obtaining  of  a  mass  of  coke 
which  was  12  to  15  inches  long,  somewhat  metallic  in  appearance, 
and  had  a  good  ring  to  it."  The  next  experiment  was  the  filling  of  a 
box  with  a  mixture  of  Arkansas  No.  4  coal  with  6  per  cent  of  pitch  B, 
but  without  passing  it  through  the  press.  This  was  treated  in  the  coke 
oven  similarly  to  the  other,  but  the  results  were  not  so  satisfactory  as 
in  the  first  case.  A  coke  was  obtained,  but  it  was  not  so  good  as  the 
other.  The  next  experiment  was  with  the  same  mixture  after  briquet- 
ting  but  without  breaking  up  the  briquettes.  These  were  piled  on  top 
of  one  another  in  a  box  and  tested  in  the  coke  oven  in  the  same  manner 
as  the  others.  The  result  of  this  test  was  the  obtaining  of  masses  of 
coke  that  retained  the  form  of  the  original  briquette.  All  of  the  coke 
obtained  by  these  experiments,  while  not  of  the  quality  desired  for 
iron  smelting,  could  be  used  for  lead  and  copper  smelting. 

Another  experiment  on  a  larger  scale  was  with  2  tons  of  Arkansas 
No.  G  slack  coal.  This  coal  was  mixed  with  8  per  cent  of  pitch  A  and 
then  ground  in  the  Williams  mill  and  charged  into  a  coke  oven  together 
with  an  equal  weight  of  the  same  mixture  that  had  been  previously 
briquetted.  Both  mixtures  made  coke,  but  not  of  the  best  quality. 
On  account  of  the  briquettes  not  being  packed  close  together,  a  portion 
of  them  were  somewhat  burned  and  were  not  so  good  as  the  remainder. 

The  experiments  seem  to  show  that  while  a  coke  can  be  made  by 
mixing  coal  and  pitch,  coke  of  a  better  quality  is  obtained  by  pre- 
viously briquetting  the  mixture;  but  suflScient  experiments  along  this 
line  have  not  yet  been  made  to  justify  any  definite  conclusions,  and  it 
is  expected  that  the  experimentation  will  be  continued. 

a  For  coking  test  sue  pp.  180-131. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

WdshingUm^  D,  C,^  January  31^  1905. 
Sir:  I  have  the  honor  to  transmit  herewith  a  series  of  papers  by 
various  hands  for  publication  as  a  bulletin.  They  represent  mineral- 
ogieal  investigations  incidental  to  geological  researches  and  important 
to  the  progress  of  geology,  and  are  here  brought  together  for  con- 
venience of  reference. 

Very  respectfully,  G.  F.  Becker, 

Geologist  in  Charge  Division  of 

Chemical  and  Physical  Research. 
Hon.  Charles  D.  Walcott, 

jyirector  United  States  Geological  Survey, 
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STATES  GEOLOGICAL  SURVEY. 


PREFATORY  NOTE. 


By  F.  W.  CiARKE. 

Although  mineralogical  research  occupies  a  relatively  small  place 
among  the  many  varied  activities  of  the  United  States  Geological 
Survey,  it  is  by  no  means  neglected.  From  time  to  time  interesting 
material  is  collected  by  the  field  parties  of  the  organization,  and  speci- 
mens deserving  study  are  received  from  other  sources.  These  are 
worked  up,  as  opportunity  offers,  in  the  chemical  la>)oratory  of  the 
Survey,  sometimes  independently  and  sometimes,  as  in  the  work 
reported  in  two  of  the  memoirs  here  presented,  in  cooperation  with 
the  geologists  by  whom  they  were  brought  in.  Occasionally  assistance 
is  received  from  investigators  not  connected  with  the  Survey,  and  one 
such  case  is  now  represented  by  the  joint  paper  of  Doctor  Hillebrand 
and  Profcvssor  Penfield,  of  Yale  University.  In  that  instance  the 
chemical  work  was  done  in  Washington  and  the  crystal lographic 
measurements  were  made  at  New  Haven. 

Most  of  the  papers  contained  in  this  bulletin  represent  investigations 
which  are  complete  within  themselves.  The  work  done  by  Mr. 
Steiger  upon  the  silver  and  thallium  derivatives  of  the  zeolites,  how- 
ever, is  to  l>e  regarded  as  one  part  of  a  series  of  researches  upon  the 
constitution  of  the  silicates.  Some  parts  of  this  series  have  been 
already  published,  and  it  is  hoped  that  this  work  may  l)e  continued  in 
the  future.  The  field  to  be  covered  is  enormous  and  progress  within 
it  is  necessarily  slow.  Still,  the  results  obtained  so  far  are  definite  and 
significant,  especially  as  they  show  a  chemical  plasticity  among  the 
silicates  which  was  formerly  unsuspected. 

Some  of  the  items  of  more  than  ordinary  interest  to  be  found 
within  these  pages  are  as  follows:  Three  new  mineral  sj^ecies — moren- 
cite,  coFonadite,  and  plumbojarosite — are  described.     Natrojarosite, 

7 


8  CONTRIBUTIONS    TO    MINERALOGY.  lBrLL.2fi2. 

although  not  absolutely  new,  is  now  thoroughly  established  on  a 
definite  niineml.  The  true  character  of  carnotite  is  shown  in  Doctor 
Hillebrand's  research,  and  the  same  chemist  has  worked  out  more 
fully  than  his  predecessors  the  composition  of  yttrialite  and  its  rela- 
tions to  other  species.  Mr.  Schaller's  very  complete  study  of 
dumortierite  is  also  worthy  of  especial  mention,  and  his  notes  upon 
other  minerals  from  California  are  but  the  first  fruits  of  a  much 
larger  research  which  is  already  well  under  way. 


ON  (iARNOTITE  AND  ASSOCIATED  VANADIFEROUS  MINERALS 

IN  WESTERN  COLORADO. 


By  W.  F.  HiLLEBKAND  and  F.  L.  Kansome. 


INl^RODirCTION. 

By  W.  F.  HlLLKBKANU. 

The  rather  widespread  occurrence  in  western  Colorado  of  consider- 
able quantities  of  a  canary -yelloW  ore  of  uranium  has  been  known  for 
a  few  years  past.  It  has  been  marketed  to  the  extent  of  a  few  tons, 
but  its  mineralogical  nature  was  unknown  or  incorrectly  surmised 
until  1S99. 

In  the  spring  of  that  year  a  specimen  of  this  ore  first  reached  my 
hands  through  Dr.  George  P.  Merrill,  of  the  United  States  National 
Museum,  and  v.  as  soon  found  to  contain  a  mineral  or  minerals  new  to 
science.  Within  a  week  appeared  the  announcement  by  MM.  C.  Friedel 
and  E.  Cumenge^  of  a  new  mineral,  carnotite,  a  hydrous  vanadate  of 
uranium  and  potassium,  obtained  through  Mr.  Poulot  of  Denver,  from 
Roc  Creek,  Montrose  County,  Colo.  Mr.  Poulot  had  already  identi- 
fied vanadium  in  it.  It  was  at  once  seen,  despite  certain  differences 
in  composition,  that  the  two  were  identical. 

According  to  the  French  authors  the  mineral  is  of  simple  composi- 
tion, as  above  expressed,  with  only  a  little  iron  and  mere  traces  of 
Al,  Ba,  Cu,  Pb,  and  also,  according  to  M.  and  Mme.  Curie,  of  the 
mdio-ac^tive  substances  mdium  and  polonium.  The  empirical  formula 
'iUjOg,  VjOf,,  KgO,  3H,0,  was  assigned  to  it,  some  doubt  attaching  to 
the  water. 

Sin(;e  then  1  have  been  able  to  examine  carnotite  from  several  local- 
ities in  western  Coloiudo,  finding  in  each  case  the  same  lack  of  agree- 
ment with  the  analyses  of  Friedel  and  Cumenge. 

While  I  was  engaged  in  this  work  my  attention  was  called  to  certain 
more  or  less  greenish  sandstones  from  the  vicinity  of  Placerville  on 
the  San  Miguel  River,  San  Miguel  County,  Colo.,  which  were  said  to 
be  highly  vanadiferous  and  of  considerable  extent,  and  in  which  a  zone 

uBiill.  Soc.  Chim.  de  Paris  (3),  xxi,  3*28. 1899:  Bull.  Soc.  Franc.  Min.,  xxli,  26. 1899;  CompteH  Rendiis, 
cxxviii,  632, 1899;  Chemical  News,  Ixxx,  16, 1899.    The  papers  as  published  in  French  differ  slightlY. 
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a  few  inches  thick  was  rather  strongly  impregnated  with  a  yellow 
mineral  resembling  and  probably  identical  with  carnotite.  This  min- 
eral appeared  also  scattered  through  the  sandstone  at  other  points  in 
sporadic  small  patches,  sometimes  visible  only  by  aid  of  a  lens. 

This  occurrence  led  to  the  thought  that  the  carnotite  bodies  farther 
west  might  also  be  associated  with  existing  or  dependent  on  preexist- 
ent  vanadiferous  sandstones.  For  the  carnotite  of  Montrose  and  Me^a 
counties,  as  is  stated  by  the  French  authors,  occurs  mixed  in  all  pro- 
portions with  quartz-sand  grains,  the  remnants,  beyond  doubt,  of 
former  sandstone  bodies,  and  it  was  soon  reex)gnized  that  in  the  car- 
notite bodies  the  vanadium  existed  in  two  conditions,  the  larger  part 
b}'^  far  as  pentavalent  vanadium  in  the  easily  soluble  carnotite,  and  a 
smaller  and  sometimes  hardly  distinguishable  ix)rtion  as  trivalent  vana- 
dium in  a  much  less  soluble  silicate 'which  was  free  from  uranium. 

It  was  hoped  that,  by  a  field  reconnaissance,  observations  bearing 
on  these  points  would  be  obtained  and  material  assembled  which  would 
on  analysis  help  to  determine  the  nature  and  explain  the  association  of 
these  two  entirely  different  classes  of  mineral  substances. 

The  field  and  microscopical  observations  of  Messrs.  Itansome  and 
Spencer  are  embodied  in  the  pages  immediately  following  these  intro- 
ductory remarks.  Unfortunately  their  collections,  except  those  from 
Placerville,  came  to  hand  so  late  that  the  chemical  work  on  the  more 
western  occurrences  has  been  confined  to  the  carnotite  bodies  alone, 
specimens  of  which  were  already  in  my  hands.  Greenish  sandstones 
have  been  observed  by  Messrs.  Ransome  and  Spencer  in  those  regions, 
but  whether  any  of  them  are  highly  vanadiferous,  or  what  their  con- 
nection with  the  carnotite  may  be,  remains  yet  unknown.  The  only 
two  examined  did  not  owe  their  color  to  vanadium.  Meanwhile  the 
chemical  results  thus  far  obtained  will  be  found  in  the  concluding  sec- 
tion of  this  paper. 

In  this  place  it  is  my  pleasure  to  rexjord  my  appreciation  of  the 
readiness  with  which  the  following  gentlemen  have  supplied  me  with 
material  for  study:  Messrs.  Poulot  and  Voilleqiie  of  Denver,  Mr.  A. 
B.  Frenzel  of  Placerville,  and  Mr.  J.  11.  Duling  of  Paradox.  These 
gentlemen  have  also  not  hesitated  to  give  me  all  information  at  their 
disposal  as  to  cccurrence  and  field  relations  of  these  interesting  ore 
bodies. 

OCCURUEXCK  OF  THE  UXIANIUM  AND  VANADIITM  ORKS. 

Bv  F.   L.  Uanhomk. 
GENERAL  STATEMENT. 

In  the  autunm  of  181>9,  accomimnied  by  Dr.  A.  C.  Spencer,  whose 

knowledge  of  the  stratigraphy  of  the  region  was  of  great  assistance, 

1  made  a  hasty  reconnaissance   trip  into   the   western   portions  of 

Sa/i  Mlg-uel^  Montrose,  and  Mesa  counties^  weav  U\Qi  UtailvColorado 
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line.  The  primary  object  of  the  expedition,  in  accordance  with  a 
suggestion  from  Mr.  S.  F.  Emmons,  was  to  investigate  the  copper 
deposits  of  La  Sal  Creek,  Paradox  and  Sinbad  valleys,  and  the  vicinit^^ 
which  had  been  the  occasion  of  some  mining  excitement  a  few  months 
before.  A  memorandmn  from  Dr.  W.  F.  Hillebrand,  received  just 
before  starting,  indicated  that  it  would  be  well  also  to  examine  certain 
prospects  on  which  some  preliminary  work  had  been  done,  looking 
toward  the  extraction  of  ores  of  uranium  and  vanadium.  It  is  to  these 
ores  that  the  present  notes  are  confined. 

The  most  convenient  way  of  reaching  Paradox  Valley  was  found  to 
be  the  stage  road,  which,  starting  from  Placerville,  a  settlement  and 
station  on  the  Rio  Grande  Southern  Railroad,  runs  by  wa^'  of  Nor- 
wood, Shenandoah,  and  Naturita  to  Paradox,  a  distance  of  60  or  70 
miles.  The  region  can  also  be  reached  from  the  west  by  way  of 
Moab,  in  Utah. 

The  topography  of  the  region  west  of  Placerville  is  that  chai*acter- 
istic  of  the  "mesa  country"  of  western  Colorado  and  southeastern 
Utah.  Broad  stretches  of  plateau  are  intersected  by  steep- walled 
canyons  and  clitf-encircled  valleys.  The  underlying  rocks  comprise  the 
"Red  Beds"  of  the  Dolores  formation**  (Triassic),  the  La  Plata  forma- 
tion (Jurassic),  the  McElmo  formation  (Jurassic),  the  Dakota  sand- 
stone (Cretaceous),  and  the  Mancos  shales  (Cretaceous).  Carbonif- 
erous rocks  occur  in  Sinbad  Valley,  and  a  series  of  gypsum-bearing 
shales  of  unknown  age  is  found  in  the  bottoms  of  Sinbad  and  Paradox 
valleys,  but  as  the  ore  deposits  to  be  described  all  occur  in  the  beds  of 
the  La  Plata  and  McElmo  formations,  these  older  rocks  need  not  again 
be  referred  to.  The  sediments  making  up  these  various  formations 
lie  usually  nearly  horizontal,  but  they  are  sometimes  flexed  and  fre- 
quently faulted. 

In  all  of  the  prospects  examined  the  ore  of  uranium  oi'curs  in  the 
form  of  the  recently  described  bright-yellow  carnotite.  In  one  case 
this  is  intimately  associated  with  a  dull  olive-green  mineral  which, 
according  to  Doctor  I?ille))rand,  is  either  identical  with,  or  very  closely 
allied  to,  the  vanadium-mica  roscoelite.  Deposits  of  one  or  toth  of 
the.se  minerals  occur  widely  scjittered  over  San  Miguel  and  Montrose 
counties,  Colo.,  and  in  the  Blue  Mountain  (Sierra  Abajo)  district  of 
southeastern  Utah;  but  only  a  few  of  the  known  deposits  were  per- 
sonally examined. 

PLACERVILLE  DEPOSITS. 

These  are  essentially  vanadium  deposits,  and  occur  4,500  feet  nearly 
northeast  of  the  railway  station  near  Placerville,  and  about  1,000  feet 
above  the  San  Miguel  River.     The  lower  900  feet  of  the  San  Miguel 

a  The  formation  nameH  used  in  these  noteH  are  tho6<.>  adopted  by  Mr.  Whitman  Cnws  in  the  text  of 
the  Tellurido  folio  (folio  57),  of  the  U.  8.  Geoloirical  Survey.  The  reader  is  referred  to  this  folio  for 
fuller  descriptions. 
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canyon  is  cut  in  the  characteristic  "Red  Beds  "  of  the  Dolores  formation. 
Above  the  Dolores  comes  the  La  Plata  sandstone  in  typical  devclop- 

•  ment,  as  described  in  theTelluride  folio,  viz,  two  heavy  beds  of  light- 
colored  sandstone,  separated  by  a  much  thinner  bed  of  dark  limestone. 
The  roscoelite  occurs  as  an  impregnation  in  the  lower  bed  of  the  La 
Plata  sandstone,  about  100  feet  above  the  base,  and  just  beneath  the 
bed  of  dark  limestone.  All  the  beds  at  this  point  are  practically  hori- 
zontal. The  dark  green  vanadiferous  sandastone  occurs  in  a  nearl}- 
continuous  band,  approximately  parallel  to  the  bedding  planes,  and 
varying  in  thickness  from  a  few  inches  up  to  5  or  6  feet.  This  band 
extends  along  the  sandstone  cliffs  for  an  estimated  distance  of  about 
2,000  feet.  The  roscoelite  more  or  less  thoroughly  impregnates  por- 
tions of  the  tiue-grained  sandstone  which  constitutes  the  mass  of  the 
bed.  It  sometimes  makes  up  more  than  20  per  cent  of  the  vanadif- 
erous facies.  Normally  the  sandstone  of  this  lower  bed  of  the  La 
Plata  is  light  buff  in  color,  with  patches,  mottlings,  and  stripes  of  pale 
pink,  the  latter  color  being  apparently  due  to  small  amounts  of  ferric 
oxide.  But  when  richly  impregnated  with  roscoelite  this  light-colored 
sandstone  becomes  dark  olive-green,  the  contrast  being  most  marked 
when  the  cliffs  are  wet.  Although  fairly  continuous  for  the  distance 
stated,  this  zone  of  vanadiferous  sandstone  is  by  no  means  regular. 
It  varies  much  in  thickness,  and  in  one  place  splits  into  two  or  more 
branches.  At  some  points  two  or  more  distinct  streaks  of  roscoelite- 
bearing  sand  were  found  at  different  horizons  in  the  main  sandstone 
bed.  The  carnotite  is  not  nearly  so  abundant  as  the  roscoelite  at  this 
locality.  It  occurs  as  minute  yellow  specks  in  the  sandstone,  and  par- 
ticularly as  thin  horizontal  seams  or  streaks  near  the  bottom  of  the 
vanadiferous  zone. 

The  work  thus  far  done  on  the  several  claims  which  have  l)cen 
located  along  these  deposits  is  of  the  most  superficial  character.  On 
the  Canary  claim  Mr.  A.  B.  Frenzel  has  run  a  tunnel,  about  18  feet 
long,  which  exposes  a  typical  section  of  the  impregnated  zone.  The 
roof  of  the  tunnel  is  formed  by  the  under  side  of  the  bed  of  dark  lime- 
stone previously  referred  to.  This  limestone  is  underlain  by  a  few 
inches  of  sandy  limestone  which  passes  into  the  light-buff  La  Plata 
sandstone  without  break.  The  latter  contains  abundant  calcite  as  a 
cement  or  matrix  for  the  sand  grains.  At  a  distance  of  a  foot  below 
the  limestone,  the  sandstone  shows,  on  close  inspection,  numerous 
specks  of  carnotite  and  gives  a  qualitative  reaction  for  vanadium 
(Hillebrand).  Examined  in  thin  section  under  the  microscope,  this 
portion  of  the  bed  shows  a  fine-grained  homogeneous  sandstone,  in 
which  well-rounded  grains  of  quartz  are  held  together  by  a  rather 
abundant  matrix  of  calcite.  The  calcite  is  crystallized  as  a  fine  granu- 
lar aggregate  and  includes  small  indeterminable  particles  of  various 
kinds.     Many  of  the  quartz  grains,  as  seen  in  section,  are  entirely 

stirronnded  by  CHlcito,  and  so  isolated  from  ad\ace\\l  ^m\\\^.     K  ^v\^ 
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leinoii-yellow  substance  occurs  sporadically  in  the  section  as  an  inter- 
stitial material  between  the  quartz  grains.  This  is  probably  the  (5ar- 
notitc,  which  was  seen  as  small,  yellow  specks  in  the  hand  specimen. 
It  is  very  minutely  crystalline,  recalling  the  habit  of  some  obscure 
chloritic  aggregates  in  decomposed  igneous  rocks,  and  is  too  indistinct 
for  successful  optical  study.  Small  crystal  grains  of  zircon  are  scat- 
tered through  the  sandstone,  and  are  readily  concentrated  in  the  resi- 
due after  treating  with  hydrofluoric  acid. 

Within  the  next  2  feet  below  the  zone  where  it  exhibits  the  fore- 
going facies,  the  sandstone  becomes  pinkish  in  consequence  of  the 
presence  of  ferric  oxide,  atld  in  this  pinkish  rock  the  lens  fails  to 
reveal  any  roscoelite  or  carnotite.  But  just  below  the  pink  zone  the 
sandstone  begins  to  show  yellow  and  green  specks.  The  latter  espe- 
cially become  more  numerous  and  larger,  until  at  from  3  to  4  feet 
below  the  limestone  the  sandstone  has  a  decided  green  tint.  Farther 
downward  this  deepens,  until  near  the  floor  of  the  tunnel  the  sandstone 
is  a  uniform  deep  olive-green.  This  green  rock  is  rich  in  roscoelite 
(over  20  per  cent)  and  shows  many  small  yellow  specks  of  carnotite. 
This  is  regarded  as  the  first-class  ore,  and  the  chief  value  of  the  deposit 
is  supix)sed  to  be  in  its  vanadium,  the  uranium  being  very  subordinate. 
In  this  respect  the  Placerville  deposit  differs  from  those  on  La  Sal  and 
Roc  creeks,  presently  to  be  described,  where  the  mineral  sought  for 
and  (Hx'urring  most  abundantly  is  carnotite. 

Thin  sections  of  the  green-spotted  sandstone,  when  examined  micix)- 
scopically,  resemble  those  of  the  light-buff  sandstone  just  above  it,  as 
far  as  character  of  quartz  grains  and  relative  abundance  of  matrix  are 
concerned.  But  the  character  of  the  matrix  or  cement  is  different. 
Calcite  is  much  less  abundant  and  its  place  is  largely  taken  by  roscoe- 
lite. This  is  grass-green  in  thin  section,  and  might  readily  be  mis- 
taken for  indistinct  wisps  and  areas  of  chlorite.  It  sometimes  forms 
a  distinct  envelope  around  the  quartz  grains^  showing  an  indistinct 
foliated  or  fibrous  structure,  with  the  fibers  noimal  to  the  surface  of 
the  grains. 

The  uniformly  dark-green  sandstone,  richest  in  roscoelite,  does  not 
effervesce  with  acids  and  shows  no  calcite  cement  in  thin  section. 
The  usual  quartz  gniins  are  held  together  by  roscoelite.  This  is  crys- 
talline, but  the  highest  available  powers  show  only  an  indistinct  and 
minute  foliation,  such  as  may  be  observed  in  sonie  very  finely  crys- 
tallized chlorites. 

Close  to  the  floor  of  the  tunnel  is  a  fairly  regular,  nearly  horizontal 
streak  of  carnotite,  varying  in  width,  but  usually  less  than  an  inch 
wide,  and  showing  noticeable  diminution  in  thickness  in  the  face  of 
the  tunnel.  This  small  seam  is  not  solid  carnotite,  but  is  merely  a 
zone  in  the  sandstone  impregnated  with  the  bright-yellow  uranium 
mineral.  It  is  not  nearl}'  so  continuous  as  the  main  vanadiferous  belt, 
and  was  f^ecn  on]y  at  three  or  four  places  a\oT\^  VXi'^  ovsXfcXo^  q\  ^^ 
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belt,  which  extends  for  a  distance  of  about  2,000  feet.  When  this 
seam  is  closely  examined  it  is  seen  that  narrow  bands  rich  in  camotite 
alternate  with  green  bands  carrying  mostly  roscoelite.  There  is  also 
usually  present  a  seam  of  almost  pure  quartz,  generally  about  an 
eighth  of  an  inch  in  thickness,  though  often  thicker.  The  microscope 
shows  it  to  be  a  true  quartzite,  in  which  the  original  rounded  detrital 
grains  of  quartz  have  been  cemented  by  fresh  quartz  in  optical  conti- 
nuity with  the  older  granules.  A  similar  quartzite  occurs  in  the 
green  vanadif erous  sandstone  above  the  carnotite,  where  it  forms  con- 
cretionary knots  and  nodules.  It  was  not  noted  in  the  buff  sandstone, 
however,  where  the  cementing  material  is  calcite. 

Immediately  below  the  carnotite  seam  there  is  a  jmrting  or  "floor" 
in  the  sandstone,  probably  originally  a  very  thin  layer  of  shale,  which 
forms  the  working  floor  of  the  tunnel.  The  sandstone  below  this 
floor  is  plainly  impregnated  for  a  short  distance  with  roscoelite,  but 
the  thin  shale  seam  is  regarded  as  the  practical  bottom  of  the  deposit. 

The  questions  of  the  origin  and  actual  extent  of  this  deposit  are 
closely  related  and  are  of  much  interest.  Their  discussion  will  be 
deferred  until  the  other  deposits  visited  have  been  described. 

Some  distance  below  the  Placerville  vanadium  deposit  a  zone  of 
green  sandstone,  presumably  belonging  to  the  Dolores  formation,  was 
observed.  This  color  is  a  somewhat  brighter  green  than  that  of  the 
vanadif  erous  sandstone  higher  up  the  slope.  As  there  are  some  cop- 
per prospects  near  by,  from  which  ore  has  been  taken,  this  was  sup- 
posed to  be  a  copper  stain.  Qualitative  tests  by  Doctor  Hillehrand 
show,  however,  that  the  color  is  due  to  a  compound  of  chromium. 

Similar  green  sandstones  occur  on  the  western  side  of  Sinbad  Valley 
in  what  is  apparentl}'^  the  I^a  Plata  formation,  and  were  originally 
supposed  to  be  impregnated  with  roscoelite.  Doctor  Hillebi-and's 
investigations,  however,  show  that  they  too  owe  their  color  to  some 
chromium  mineral.  These  occurrences  are  interesting  as  showing 
that  a  green  color  in  sandstones  may  result  from  various  causes,  and 
that  even  a  bright  green  tint  can  not  be  taken  as  an  infallible  indica- 
tion of  copper. 

LA  SAL  CREEK  DEPOSITS. 

These  occur  in  the  extreme  western  portion  of  Montrose  County, 
southwest  of  Paradox,  and  about  6  miles  up  La  Sal  Creek  from  Cashin. 
They  are  reached  by  trails  from  Paradox  Valley  and  from  Cashin. 
The  deposits  are  on  the  south  side  of  La  Sal  Creek  and  al)out  700  feet 
above  the  stream.  They  occur  for  a  distance  estimated  at  more  than 
a  quarter  of  a  mile,  ak)ng  the  sandstone  cliffs  which  descend  from  the 
mesa  into  the  canyon  of  La  Sal  Creek,  and  only  a  few  feet  below  the 
level  of  the  mesa  surface. 

In  the  absence  of  continuous  stratigraphic  work,  it  is  impossible 
^  rorrelntc  cortainlv  and  finallv  the  rocks  on  La  Sal  Creek  with  the 
r/yrjs/o/js  estuhlisbed  hy  Cross  and  Speneet  \n  tWT^\\\rt\^e.  ^waL^LT^xk^^^ 
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which  lies  just  east  of  this  area.  It  seems  probable,  however,  that  the 
La  Plata  sandstone  attains  a  much  greater  thickness  in  this  portion  of 
western  Colorado  than  it  does  between  Telluride  and  Placerville.  The 
limestone  bed,  so  characteristic  a  feature  of  the  formation  near  Placer- 
ville and  farther  east,  is  not  uniformly  present  in  this  western  region, 
and  the  La  Plata  sandstone  (Variegated  beds,  in  part,  of  the  Hayden 
survey)  is  not  always  readily  differentiated  from  the  underlying 
Dolores  formation  (Red  Beds).  For  a  vertical  distance  of  about  400 
feet  above  the  bed  of  La  Sal  Creek  the  rock  is  a  heavy-bedded,  rather 
tine-grained,  light-colored  sandstone,  which  is  considered  by  Doctor 
Spencer  to  be  the  La  Plata.  Above  this  come  thinner-bedded  sand- 
stones, with  some  conglomerates  and  shales,  which  are  included  in  the 
McElmo  formation.  It  is  in  this  upper  series  that  the  uraniferous 
deposits  occur.     All  the  beds  are  here  approximately  horizontal. 

As  revealed  by  numerous  small  openings  near  the  crest  of  the  bluff, 
the  carnotite,  which  is  the  material  here  sought,  is  found  chiefly  in  a 
massive  bed  of  nearly  white  sandstone.  Some  of  the  ore,  however, 
lies  between  the  sandstone  and  a  lower  bed  of  light-gmy  shale. 
Although  the  prospecting  openings  all  lie  at  about  the  same  level 
along  the  cliffs,  the  deposit  is  not  nearly  so  regular  as  the  vanadiferous 
})and  near  Placerville. 

The  CArnotite  of  I^a  Sal  Creek  occurs  as  irregular,  bunchy  '''pockets" 
in  the  sandstone,  or  along  the  contact  of  the  sandstone  with  the  under- 
lying shale.  These  have  all  the  appearance  of  being  impregnation 
deposits,  the  solutions  can-}' ing  the  uranium  comiK)unds  having  de|>os- 
ited  the  ore  wherever  the}'  found  ready  passage  through  the  rock — usu- 
ally along  bedding  planes.     No  roscoelite  was  seen  with  the  carnotite. 

The  most  remarkable  and  interesting  fact  in  regard  to  the  La  Sal 
Crock  deposits  is  their  very  superficial  character.  Tfie  ore  bodies  are 
usually  flat-lying  streaks,  a  few  inches  thick,  which  grade  above  and . 
})elow  into  the '  common  light-buff  sandstone,  and  which  die  out  and 
disappear  when  followed  into  the  hillside.  In  tunnels  that  run  but  a 
few  feet  underground  the  3'ellow  impregnation  of  carnotite  can  be  seen 
gradually  to  die  out  and  to  be  succeeded  b}'  light-colored  sandstone, 
showing  no  trace  of  the  mineral.  It  is  doubtful  whether  any  appre- 
ciable quantity  of  carnotite  occurs  as  much  as  20  feet  from  the  surface, 
on  any  of  the  locations,  although  this  distance  is  given  from  memory 
and  not  from  measurements  on  the  ground.  As  before  stated,  the 
impregnation  has  usually  taken  place  along  bedding  planes;  it  has  also 
prweeded  along  surfaces  of  minor  and  superficial  movement  in  the 
rocks.  In  one  case  it  was  observed  that  a  portion  of  the  overlying 
sandstone  had  moved  upon  the  underUing  shales,  the  disturbance  being 
apparently  a  superficial  one,  of  a  kind  commonly  enough  observed 
where  massive  beds  rest  on  yielding  shales  on  a  steep  hillside.  In 
other  words,  the  movement  appeared  to  be  directly  related  to  the 
present  topogmphy.     ThQ  carnotite  was  here  de\)o^\\,^A.  ^\3\i^^v\\^R\v\a\» 
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the  movement  and  had  filled  the  small  openings  and  dislocations  in  the 
shale  caused  by  this  very  recent  disturbance.  It  was  reported  that 
some  of  the  best  nests  of  ore  had  been  found  in  "slide  rock,"  i.  e., 
rock  which  had  slipped  to  some  extent  down  the  slope;  but  I  was 
unable  to  verify  this  statement  further  than  is  indicated  in  the  pre- 
ceding description.  There  can  be  little  doubt  that  the  deposits  of  car- 
notite  on  La  Sal  Creek  are  not  only  very  superficial  in  character  but 
very  recent  in  age. 

ROC  CREEK  DEPOSIT. 

The  principal  claim  is  the  (Jopper  Prince,  owned  by  J.  R.  Duling, 
on  the  north  side  of  Roc  Creek,  3  or  4  miles  above  its  mouth,  and  near 
the  foot  of  the  Miller  trail  to  Paradox.  It  is  reached  b}*^  this  trail  from 
Paradox  Valley,  or  by  trail  from  Hydraulic  on  the  Dolores  River. 
This  deposit  is  in  the  La  Plata  sandstone,  according  to  Doctor  Spen- 
cer's observations,  and  has  been  more  extensively  exploited  than  any 
other  seen.  The  sandstone,  which  at  this  point  is  nearly  horizontal, 
is  cut  by  an  east- west  fault,  the  fault  plane  dipping  north  at  about  70^. 
The  amount  and  character  of  the  throw  could  not  be  determined.  It 
is  probably  less  than  50  feet.  The  carnotite  occurs  in  the  hanging  wall 
of  the  fissure  as  small  irregular  branches  in  a  loose  mass  of  crushed 
sandstone  and  also  as  an  impregnation  of  some  of  the  firmer  portions 
of  the  bed.  No  roscoelite  was  seen.  Several  small  tunnels  have  been 
run  in  on  the  hanging  wall  side  of  the  fissure  (which  itself  carries  no 
vein  or  ore-body),  but  they  had  been  securely  closed  by  planking,  and 
no  examination  of  their  inner  ends  could  be  made.  I  am  thus  unable 
to  tell  what  changes  the  deposit  would  show  if  it  could  be  followed 
inward  from  the  surface.  A  few  hundred  pounds  of  picked  carnotite 
ore  has  been  shipped  from  this  claim  and  is  reported  to  have  sold  for 
$1.25  a  pound  in  Denver.  This  deposit  is  similar  in  character  to  others 
examined,  except  that  in  this  case  a  well-defined  fault  has  provided  a 
zone  of  crushed  and  porous  rock  in  the  hanging  wall,  along  which 
impregnation  could  take  place.  A  few  hundred  feet  farther  west  the 
crushed  sandstone  adjoining  the  fault  has  been  impregnated  with 
cupriferous  solutions  and  is  spotted  with  stains  of  the  blue  and  green 
carbonates  of  copper. 

OTHER  DEPOSITS. 

It  is  known  that  several  carnotite  claims  have  been  located  in 
(lypsum  Valley  in  what  is  known  as  the  Disappointment  district. 
The  impregnated  sandstone  is  said  to  cap  a  hill  and  to  constitute  an 
extensive  deposit,  but  it  was  not  visited.  Carnotite  is  also  reported 
from  the  Blue  Mountain  district,  but  I  have  no  personal  knowledge  of 
these  occurrences.  It  seems  highly  probable  that  the  material  will 
be  found  widelv  distributed  in  the  Mesozoic  sandstones  of  western 
Colorado  and  eastern  Utah,  although  perhaps  nowhere  in  very  exten- 
s/vc  bodwif. 
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ORIGIN  OF  THE   DEPOSITS. 

That  the  bodies  of  camotite  and  roscoelite  were  formed  subsequently 
to  the  deposition  of  the  sandstones  is  evident  from  the  facts  presented 
in  the  preceding  pages.  It  is  equally  plain  that  the  minerals  could  not 
have  resulted  from  the  alteration,  in  place,  of  other  compounds  of 
vanadium  and  uranium  originally  contained  in  the  sands.  The  shape 
and  position  of  the  deposits  indicate  clearly  that  the  ores  have  been 
brought  to  their  present  position  by  transportation.  Moreover,  the 
recency  of  the  deposits  and  the  fact  that  they  are  sometimes  directly 
connected  with  faults  and  dislocations  in  the  sandstones  show  that  the 
vanadium  and  uranium  compounds  could  not  have  been  the  original 
cementing  material  of  the  quartz  grains,  but  in  all  probability  they 
have  locally  replaced  the  calcite  that  acts  as  matrix  to  the  ordinary 
light-colored  sandstone  in  which  the  ore  bodies  occur.  The  deposits 
of  roscoelite  appear  to  be  comparable  to  impregnations  fomied  in 
sandstones  by  cupriferous  solutions — such  impregnations  as  may  be 
seen  at  many  places  in  this  region,  particularly  on  La  Sal  Creek  near 
Cash  in  and  in  Sinbad  Valley — whereby  the  sandstone  l>ecoines  colored 
bright  green  with  carbonate  of  copper.  In  these  places,  however,  the 
copper  appears  to  have  been  previously  deposited  in  part  as  chalcoeite. 
An  analogy  might  also  be  drawn  with  the  green  chromiferous  sand- 
stone near  Place rville,  already  referred  to.  In  all  these  cases  the 
actual  sources  of  the  materials  which  have  been  deposited  by  solu- 
tions in  their  present  position  are  not  known.  Doctor  Hillebmnd 
has  shown,®  however,  that  vanadium  in  small  amounts  is  widely  dis- 
tributed in  sandstones,  limestones,  and  igneous  rocks.  It  is  perhaps 
present  in  very  small  amounts  throughout  the  sandstone,  and  the 
deposits  described  may  simply  represent  a  concentration  of  this  mate- 
rial under  certain  favorable  conditions  of  solution  and  redeposition. 

In  the  absence  of  exploitation  it  is  manifestly  impossible  to  predict 
the  probable  shape  and  size  of  ore  bodies  formed  in  this  manner. 
The  roscoelite  seen  near  Placerville  appears,  however,  to  be  much 
more  persistent  than  the  carnotite.  There  is  no  apparent  reason  why 
a  mass  of  sandstone,  impregnated  with  roscoelite,  which  is  continu- 
ously exposed  for  seveml  hundred  feet  along  a  cliff,  should  not  extend 
for  a  considerable  distance  inward  from  the  cliff  face.  The  carnotite, 
on  the  other  hand,  appears  to  be  of  much  more  superficial  occurrence, 
and  its  connection  with  the  present  surface  of  the  ground  is  not  yet 
fully  understood.  This  would  indicate  that  the  carnotite  results  from 
a  local  concentration  of  material  already  existent  in  the  sandstone,  and 
the  deposition  of  this  material  in  the  form  of  carnotite  under  condi- 
tions determined  by  proximity  to  the  surface,  and  probably  partly 
dependent  upon  a  semiarid  climate. 

"Am.  Jour.  Scl.,  4th  ser.,  vol.  6,  1898,  pp.  200-216. 
Bull  262—05 2 
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CHBMICAli  ANALYSES  AND  DISCUSSION. 

By  W.  F.  HlLLBBRANI). 

I.  GREEN  COLORING  CONSTITUENT  OF  PLACERVILLE  SANDSTONE. 

As  noted  by  Doctor  Bansome^  the  greener  the  sandstone  the  greater 
has  been  the  replacement  of  the  calcareous  cementing  material  by  the 
crystalline  vanadiferous  mineral.  Fortunately,  the  greenest  available 
specimen  was  entirely  free  from  carbonate,  and  this  was  used  for 
anah'sis,  10  grams  being  taken  for  the  main  portion. 

The  green  substance  was  but  slightly  attacked  by  cold  acids  and  not 
rapidly  by  hot  ones,  nevertheless  after  from  twelve  to  twenty-four 
hours'  digestion  on  the  water  bath  with  diluted  nitric  acid  the  greenish 
color  had  been  transferred  to  the  liquid,  the  residue  of  sand  was  nearly 
white,  and  a  rather  voluminous  separation  of  nongelatinous  silica  had 
taken  place.  The  filtration  and  washing  of  the  insoluble  matter  was 
accomplished  without  difficulty.  The  free  silica  in  it  was  extracted  by 
two  or  three  digestions  of  fifteen  minutes  each  on  the  water  bath  with 
sodium  carbonate  solution  of  6  per  cent  strength.  The  flocculent  matter 
had  entirely  disappeared  and  the  sandy  residue  was  collected  in  a  Gooch 
crucible  and  washed  with  hot  sodium  carbonate  solution,  followed  by 
very  dilute  nitric  acid,  and  finally  by  alcohol,  to  prevent  turbid  filtra- 
tion. Drying  of  the  sand  was  effected  b}'  allowing  the  pump  to  draw 
air  through  the  crucible  until  no  further  loss  in  weight  resulted. 

The  water  in  the  sand  was  then  determined  at  105^,  at  300  ,  and 
above  800'^.  Similar  water  determinations  having  been  made  on  the 
unattacked  substance,  the  differences  gave  the  water  expelled  at  those 
temperatures  from  the  soluble  part. 

The  sodium  carbonate  solution  was  acidified,  evaporated,  and  fil- 
tered, and  the  filtrate  again  evaporated,  to  recover  the  last  of  the  silica. 
To  this  was  added  a  very  small  portion  which  the  nitric-acid  extract 
of  the  sandstone  held  in  solution.  The  sum  represents  the  total  silica 
of  the  decomposed  portion  of  the  sandstone. 

The  further  analysis  of  tht)  nitric  solution  presented  difficult}- 
because  of  the  vanadium  it  contained.  It  was  carried  out  in  a  variety 
of  ways,  of  which  the  following  seemed  to  be  most  satisfactory: 

Barium  was  first  precipitated  by  sulphuric  acid  and  subsequently^ 
separated  from  traces  of  lead,  calcium,  and  vanadium.  Hydrogen 
sulphide  then  threw  out  further  traces  of  lead  and  copper  with  much 
sulphur  from  reduction  of  V^Og  to  VjO^.  After  evaporation  of  the 
filtrate  to  reoxidize  vanadium  and  iron,  the  alumina,  iron,  and  trace 
of  uranium  with  much  vanadium  were  separted  from  the  calcium, 
magnesium,  and  alkalies  by  three  precipitations  by  ammonia  solution. 
The  combined  filtrates  were  evaporated  and  ignited,  the  residue  was 
transforred  to  a  porcelain  boat  with  nitric  acid,  evaporated  tiiereiii  to 
complete  drynesfi,  nnd  exposed  in  a  glass  tube  to  -a.  i!\xv\ewl  «t  dry 
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hydrochloric-acid  gas,  as  recommended  by  Smith  and  Hibbs*  for  the 
expulsion  of  vanadium  from  alkaline  vanadates.  The  removal  of 
vanadium  being  incomplete,  the  contents  of  the  boat  were  again 
evaporated  with  nitric  acid  and  again  distilled,  and  these  operations 
were  repated  till  no  further  evidence  of  a  brown  distilate  appeared. 
The  boat  now  contained  only  magnesium  and  alkalies  with  a  little 
calcium.  The  distillates,  containing  all  the  vanadium  that  was  in  the 
boat,  had  been  collected  in  U -tubes  charged  with  water,  and  were 
eventually  obtained  in  sulphuric  solution  for  further  treatment  by 
evaporating  with  sulphuric  acid  in  porcelain. 

The  precipitate  of  AljO,,  etc.,  was  dissolved  in  nitric  acid,  evap- 
orated almost  to  dryness  in  platinum,  and  boiled  with  sodium-hydrox- 
ide solution.  These  operations  were  repeated  on  the  precipitate  after 
filtration.  The  iron  and  titanium  thus  purified  were  redissolved,  pre- 
cipitated by  ammonia,  weighed,  redissolved  by  acid  potassium  sulphate, 
and  the  ferric  iron  was  reduced  by  hj'drogen  sulphide  and  titrated  with 
permanganate  after  boiling  out  the  reducing  agent.  The  titanium 
wan  then  found  colorimctrically  b}'  hydrogen  peroxide. 

The  combined  alkaline  filtrates  were  heated  with  excess  of  ammo- 
nium nitrate  to  separate  alumina  from  most  of  the  vanadium.  The 
precipitate  was  redissolved  in  nitric  acid,  reprecipitated  by  ammonia, 
then  ignited  and  weighed  and  redissolved  by  acid  potassium  sulphate. 
The  sulphuric  solution  was  reduced  by  hydrogen  sulphide,  boiled  and 
filtered  from  platinum  sulphide,  again  boiled  in  a  current  of  carbon 
dioxide,  and  titrated  hot  with  permanganate.  Sulphur  dioxide  gas  was 
then  introduced,  boiled  out  in  a  current  of  carbon  dioxide,  and  the 
titration  repeated,  this  second  result  being  taken  as  representing  the 
VjO^  equivalent  to  the  VjOg  that  still  contaminated  the  AljO,.  Deduct- 
ing the  VjOj  thus  found  from  the  combined  weight  of  AljO,  and  V^Oj 
gave  the  AljO,  of  the  soluble  constituent  of  the  sandstone. 

The  combined  filtrates  from  the  alumina  were  evaporated  and  ignited 
to  remove  ammoniacal  asMs;  the  residue  was  converted  to  sulphates 
and  united  with  the  earlier  solution  of  vanadium  sulphate.  The 
vanadium  in  it  was  then  determined  precisely  in  the  manner  already 
described,  and  when  added  to  that  found  with  the  alumina  and  calcu- 
lated to  VjOj  gave  the  total  in  the  sandstone. 

A  check  was  made  by  dissolving  the  sandstone  in  hydrofluoric  and 
sulphuric  acids  in  a  current  of  carbon  dioxide  and  titrating  th«  V^O, 
with  permanganate.  The  figure  thus  obtained  was  a  trifle  below  that 
found  as  above  detailed,  and  this  is  to  \)e  attributed  to  the  presence  of 
a  very  little  vanadium  as  V^Oj  in  carnotite,  and  probably  as  a  lead 
vanadate.  All  the  uranium  and  most  of  the  trifling  amount  of  le4id 
could  be  extracted  by  cold  dilute  nitric  acid,  showing  that  they  were 
foreign  to  the  green  substance. 

« Jour.  Am.  Chem.  8oc.,  vol.  16, 1JSM»  p-  ^"^^^ 
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It  is  preferable  to  regard  iron  as  in  the  ferric  rather  than  the  fer- 
rous state;  otherwise  an  equivalent  amount  of  vanadium  would  have 
to  be  considered  as  V^Og,  for  which  there  is  no  occasion.  It  is  quite 
possible  that  the  iron  is  in  part,  if  not  wholly,  foreign  to  the  green 
matter,  for  it  would  be  surprising  to  find  an  exposed  sandstone  free 
from  ferric  oxide. 

If  the  iron  is  disregarded  as  probably  extraneous,  the  ratios  given 
below  afford  the  following  empirical  formula: 

HsM  R'it4  R"st  R'"ei»  Si, 

or,  H, 
Simplified,  this  is  H,o  R',o  ^'\  ^"\i  ^t.r 

In  view  of  the  fact  that  the  mineral  is  probably  not  perfectly  pure 
and  of  the  uncertainties  affecting  the  amount  of  water  to  be  considered, 
etc. ,  the  above  affords  a  close  approach  to  the  typical  phengitic  mus- 
covite  formula,  H^KR^'sX,,  in  which  X  comprises  the  groups  SiO^ 
and  SijOg. 


'7eS    ^2776' 


8M  R'it4  R"st  R'"ei»  (SiOJgjs  (SisOg)e,. 


Soluble  in  nitric  acid: 

SiO, 

TiO, 

VA 

AlA 

Fe,03 

CaO 

BaO.... 

MgO 

K,0 

Na,0 

H,Oatl05° 

HjOatl05°-300°.. 

H,0  above  300^  ... 

UO, 

PbO 

VA 

Insoluble  iu  nitric  acid: 

Quartz,  etc 

HjOat  105'' 

Ufi  above  ia5^  . . . 


Sandstone. 


12.56 

.02 

«3.50 

6.15 
.20 
.12 
.37 
.25 

2.41 
.06 
.54 
.14 
.97 
.05 
.06 
.05 

ft  72. 24 
.04 
.20 


RatlM. 


99.  93 


0.763 

.08461 

.2206r 

.0046 

.0078 

.0088    .039 

.0228 

.0938) 

.0035}  -""^ 

.1100 
.0283 
.1978    .198 


Silicate. 


{ 


46.06 

12.84 
22. 55 

.73 

.44 
1.35 

.92 
8.84 

.22 
1.98 

.51 
3.56 


Roflcoelito. 


45.17 

.78 

24.01 

11.54 

FeOl.60 


100.00 


1.64 

10.37 

.06 

.40 

.17 

4.12 


99.86 


o  Oxidation  by  permanganate  of  the  HFl  and  HsS04  Holution  of  the  nandstonc  indicated  3.43  i>er 
cent  VaOg  (mean  of  3.50,  3.82,  3.48,  3.43). 

ft  Containing  about  65  per  cent  SiOj,  7  per  cent  W^^n  (FejOaTiOt)  and  about  0.3  per  cent  of  zircon 
Hwl  nther  mineraHn  not  derompOHed  by  repeated  evaporations  with  HFl  and  U28O4. 

Tract-H  o/U,  Cu,  Mo,  Bi.     No  CI,  SO,,  or  \\i\. 
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An  attempt  to  satisfactorily  distribute  the  constituents  among  differ- 
ent chemical  molecules  would  be  futile,  since,  for  instance,  we  do  not 
know  whether  to  ascribe  the  barium  to  a  biotite  or  muscovite  molecule, 
but  the  close  approach  to  the  muscovite  ratio  leaves  little  room  to 
doubt  the  character  of  the  body.  Notwithstanding  the  chloritic  aspect 
of  the  mineral  under  the  microscope,  the  analysis  shows  that  it  can  not 
be  a  chlorite,  and  we  have  undoubtedly  to  do  with  a  body  closely 
related  to  the  mica  roscoelite,  wherein,  however,  the  percentage  pro- 
portions of  AljO,  and  V,Oj  are  reversed,  thus  affording  a  further 
striking  example  of  the  mutual  replaceability  of  these  two  oxides. 

For  comparison,  the  latest  analysis  of  roscoelite  from  Placerville, 
Cal.,  is  included  in  the  above  table.  Peculiar,  though  unimportant, 
is  the  coincidence  that  the  only  two  known  localities  for  this  mineral 
should  bear  the  name  Placerville. 

II.  GREEN  SANDSTONE  COLORED  BY  CHROMIUM. 

Other  sandstones  that  were  a  much  brighter  green  than  the  vana- 
diferous  one  were  obsei*ved  and  collected  by  Doctor  Kansome,  both 
at  Placerville  and  60  miles  distant  in  Sinbad  Valley.  The  color  sug- 
gested a  salt  of  copper  as  its  cause,  but  analysis  showed  it  to  be  due 
to  chromium.  Time  has  not  been  found  to  determine  the  nature  of 
this  coloring  body.  It  is  very  difficultly  soluble,  and  thus  presents 
greater  hindrance  to  analysis  than  did  the  vanadium  compound.  It 
would  be  interesting  to  find  that  it  is  a  micaceous  mineral  analogous 
to  the  one  just  described.  Under  the  microscope  it  presents  a  chlo- 
ritic appearance  (Ransome).  If  opportunity  offers,  the  problem  of  its 
nature  may  yet  be  attacked. 

In  still  another  greenish  sandstone  from  the  west  bank  of  the 
Dolores  River,  near  the  mouth  of  La  Sal  Creek,  analysis  failed  to 
show  either  vanadium  or  chromium. 

III.  CARNOTITE  ORES. 
OPTICAL   EXAMINATION. 

Dr.  George  P.  Merrill  has  kindly  submitted  the  following  notes: 

The  carnotite  powder  appears  under  the  microscope  in  the  form  of  exceedingly 
minute  dust-like  particles  without  crystal  outlines  and  acting  so  faintly  on  polarize<i 
light  as  to  at  first  seem  almost  amorphous.  Much  of  the  matter  appears  merely  as 
a  fine  brownish  clay,  stained  yellow  by  an  amorphous  pigment,  but  occasionally  a 
well-defined  fragment  of  a  light-yellow  translucent  mineral  is  seen,  which  doubtless 
represents  the  vanadium  compound  in  its  condition  of  ideal  purity. 

Working  over  a  considerable  amount  of  the  powder  I  have  found  oc^casional  clus- 
ters of  this  yellow  mineral  in  the  form  of  flattened  radiating  crystals  with  pyram- 
idal terminations  which  are  without  evident  pleochroism,  polarize  only  in  dull 
colors,  and  give  extinctions  always  parallel  to  the  axis  of  elongation.  These  are  so 
minute  (not  over  0.25  mm.  in  length)  and  so  thin  that  I  have  never  been  able  to 
find  a  crystal  so  oriented  as  to  give  an  opportunity  of  determining  its  exact  char- 
acter, and  I  can  only  say  that  the  general  shape  is  such  aa  to  Bug^gaat  a  l\e^«%<:^w«.\ 
taineml,  though  thia  ia  by  no  means  certain. 
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CHEMICAL  EXAMINATION   OP  CARNOTTTE   ORES. 

The  chemical  problems  involved  in  the  analysis  of  the  carnotite  ores 
were  peculiarly  intricate.  Ideal  material  was  quite  unobtainable  and 
mechanical  separation  was  impossible.  The  first  specimen  received 
happened  to  be  of  higher  grade  than  any  of  the  subsequent  ones,  con^ 
taining  about  5  per  cent  of  sand  grains  and  showing  only  very  faint 
delicate  reddish  tracings,  indicative  of  some  foreign  iron  mineml.  In 
mass  it  was  of  a  beautiful  canary -yellow  color  and  easily  broken 
down  by  pressure.  Other  specimens  were  more  coherent,  the  degree 
depending  altogether  on  the  extent  to  which  the  sandstone  had  been 
impregnated  and  altered,  and  they  sometimes  showed  more  of  the 
peculiar  reddish  admixture. 

A  fact  only  suspected  in  making  the  first  analysis  was  confirmed  by 
subsequent  work  on  lower-grade  ores,  namely,  that  the  vanadium  existed 
in  two  conditions,  in  entirely  distinct  minerals,  the  greater  part  by  far 
as  pentavalent  vanadium  in  the  easily  soluble  carnotite,  and  a  smaller, 
much  less  soluble  portion,  almost  vanishing  in  the  purest  ores,  in  the 
trivalent  state  as  a  constituent  of  a  silicate  free  from  uranium.  This 
observation  explained  the  statement  of  Messrs.  Poulot  and  Voilleqii^ 
that  they  had  found  the  low-grade  ores  relatively  richer  in  vanadium, 
as  compared  with  uranium,  than  the  high-grade  ores. 

While  the  carnotite  dissolves  at  once  in  cold  dilute  nitric  acid, 
unfortunately  the  vanadiferous  silicate  is  not  quite  insoluble,  hence 
arose  an  important  difficulty  in  the  way  of  arriving  at  the  true  com- 
position of  the  carnotite.  It  is  true  that  in  one  case  the  silicnte  has 
been  analyzed  (p.  30),  but  it  would  be  unsafe  to  correct  the  carnotite 
analysis  on  that  basis.  Moreover,  the  analyses  were  not  all  made  on 
the  same  plan;  some  are  less  complete  than  others;  they  can  not  in 
some  respects  be  rigidly  compared  with  one  another. 

As  to  the  carrying  out  of  the  analysis,  various  procedures  were 
tried  and  no  one  was  found  which  gave  altogether  satisfactory  results 
as  to  each  constituent,  though  many  could  be  determined  with  the 
usual  degree  of  accurac3\  The  difficulty  was  due  mainly  to  vanadium 
and  the  small  amount  of  phosphoric  acid  usually  present.  These  two 
constituents  were  likely  to  be  found  in  different  precipitates  and  could 
not  be  separated  from  them  at  one  stroke.  Their  complete  removal 
from  other  bodies  was  at  times  impossibl.e,  and  the  weight  of  the  latter 
had  then  to  be  corrected  for  these  residual  amounts. 

Two  entirely  different  lines  of  attack  were  open.  One,  that  of 
Friedel  and  Cumenge,  described  in  their  paper  on  carnotite,  had 
alread}^  been  used  with  apparent  success.  It  depends  on  rendering 
the  vanadium  insoluble  in  water  by  evaporating  the  nitric  acid  solu- 
tion to  dryness.     Water  extracts  the  alkalies  and  uranium  without 
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dissolving  the  vanadium,  iron,  or  aluminum.     Repetition  of  this  proc 
ess  yielded  Friedel  and  Cumenge  satisfactory  results.     They  recom- 
mended washing  with  water  containing  ammonium  nitrate. 

The  other  method  involved  the  quantitative  removal  of  vanadium  by 
dry  hydrochloric  acid  gas  in  the  manner  already  described  (pp.  18-19). 
Smith  and  Hibbs  had  shown  that  this  method  is  perfect  for  alkaline 
pyro vanadates  and  it  was  hoped  that  it  inight  succeed  even  with  such 
complex  mixtures  as  those  under  consideration.  The  distillations  were 
made  on  the  crude  ore  and  also  on  the  nitric  acid  solution  after  filtra- 
tion from  the  insoluble  matter  and  evaporation  to  thorough  dr^^ness. 
The  action  is  immediate  in  the  cold,  copious  red-brown  vapors  coming 
off  and  condensing  in  part  as  a  dark  red  liquid  in  the  tube.  But 
repeated  distillations  and  the  application  of  heat  were  required  to 
effect  complete  removal  of  the  vanadium  accompanied  by  the  arsenic 
and  molybdenum.  After  each  distillation  the  contents  of  the  boat  had 
to  be  evaporated  with  nitric  acid.  The  blue  and  green  colorations 
apparent  on  adding  this  acid  showed  that  the  hydrochloric  acid  gas 
had  reduced  a  good  deal  of  the  vanadium  to  a  lower  state  of  valence, 
and  in  this  condition  it  was  incapable  of  forming  the  volatile  body, 

A  somewhat  more  satisfactory  separation  sometimes  resulted  when 
this  distillation  method  was  combined  with  that  of  Friedel  and  Cumenge 
by  subjecting  both  the  evaporated  uranium  nitrate  solution  and  the 
residue  insoluble  in  water  to  the  action  of  hydrochloric  acid  gas. 

The  distillates  obtained  by  either  way  were  evaporated  with  sulphuric 
acid,  the  arsenic  and  molybdenum  were  separated  by  hydrogen  sul- 
phide, and  the  vanadium  was  then  titrated  by  permanganate  at  a  tem- 
perature near  boiling  and  again  after  reduction  by  sulphur  dioxide 
gas.  In  one  or  two  cases  when  the  temperature  of  distillation  had 
been  high  and  it  was  feared  some  iron  had  passed  over,  the  distillates 
were  evaporated  in  porcelain  with  nitric  acid,  transferred  to  a  platinum 
crucible,  evaporated  therein  with  sulphuric  acid,  and  fused  with  sodium 
carbonate.  The  aqueous  extract  was  then  treated  as  above  for  arsenic, 
molylxienum,  and  vanadium. 

The  mode  of  separation  practiced  by  Friedel  and  Cumenge,  while 
perhaps  adequate  for  technical  pui*poses  in  ores  free  from  phosphorus,** 
does  not  in  my  hands  give  perfect  satisfaction  even  then.  It  is  impos- 
sible to  prevent  a  little  of  the  vanadium,  also  of  the  iron  and  alumi- 
num, from  going  with  the  uranium,  and  on  the  other  hand  a  little 
uranium  may  stay  with  the  vanadium.     Again  when  the  vanadic  acid 

a  With  even  only  half  a  per  cent  of  PjOj  many  times  that  amount  of  UOa  is  rendered  insoluble  in 
water  after  evaporation  to  dryness  with  nitric  acid.  The  compound  forme<l  is  of  a  lemon-yellow  color, 
which  is  masked  by  the  separated  vanadic  acid  until  this  has  been  removed  by  ammonia.  This 
insoluble  body  was  treated  as  follows  in  order  to  arrive  at  the  IVO^nnd  UO;,  it  contained.  After 
solution  in  nitrite  acid  the  phottphorus  was  precipitated  by  ammonium  molybdate,  and  from  the 
filtrate  the  uranium  by  three  precipitations  by  ammonia. 
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irt  cxtmcted  from  the  residue  by  ammonia,  as  prescribed  b}^  Friedel 
and  Cimienge,  a  little  of  the  other  constituents  of  the  residue  accom- 
pany the  vanadium  into  solution. 

If  the  combination  of  the  two  methods  is  used,  it  is  better,  after  the 
vanadium  has  been  removed  by  distillation,  to  treat  the  two  residues 
separately  at  first  instead  of  to  unite  them  at  once.  Full  details  of 
this  treatment  are  unnecessary  and  would  unduly  extend  this  paper. 
Suffice  it  to  say  that  from  the  uranium  portion  the  little  iron  and 
aluminum  present  are  separated  b}*^  ammonium  sulphide  and  carbon- 
ate, and  after  removal  of  the  latter  and  acidification  the  uranium  can 
be  thrown  down  by  ammonium  sulphide,  and  then  by  at  least  two 
precipitations  by  ammonia,  or  far  better,  b}-^  precipitating  the  neutral 
hydrochloric  solution  by  freshly  precipitated  and  alkali-free  mercuric 
oxide  at  boiling  heat,  as  prescribed  by  Alibegoff.*"  As  pointed  out  by 
von  Foullon  and  also  by  Alibegoff,  contrary  to  certain  still  widelj'^  dis- 
seminated statements,  ammonium  sulphide  does  not  afford  a  good  sepa- 
ration of  uranium  from  calcium.  This  is  perhaps  especially  true  if  the 
solution  contains  any  phosphorus.  Again,  contrary  to  another  state- 
ment, it  seems  perfectly  possible  to  separate  uranium  completely 
from  alkalies  by  a  few  ammonia  precipitations. 

The  finally  ignited  and  weighed  11,0,  was  redissolved  in  nitric  acid, 
filtered,  if  necessary  (SiO,,  Al^O,,  Fe^Oj),  and  divided  into  two  parts, 
one  of  which  was  tested  for  the  very  little  P,Ob  usually  present,  and 
the  other  for  vanadium  b}'  conversion  into  sulphate,  reduction  by  sul- 
phur dioxide  gas,  and  titration  by  very  dilute  permanganate  solution. 

ANALYSES  OF  CARNOTITE  ORES. 

I.  Copper  Prince  claim,  Roc  Creek,  Montrose  County,  Colo. 
According  to  the  donor  of  the  specimen,  Mr.  J.  R.  Duling,  l-a  is 

from  the  same  lot  as  that  from  which  Mr.  Poulot  obtained  the  speci- 
mens afterwards  analyzed  by  Friedel  and  Cumenge. 

II.  Yellow  lioy  claim.  La  Sal  Creek,  Montrose  County,  Colo. 

III.  Yellow  Bird  claim.  La  Sal  Creek,  Montrose  County,  Colo. 
The  last  two  claims  belong  to  the  same  group  and  the  ore  is  from 

the  same  "blanket"  (Voillequ^). 

I-J  and  Il-i,  the  first  analyses  made,  are  not  strictly  eompumble 
with  the  other  analyses,  since  they  represent  the  effect  of  warm  dilute 
hydrochloric  acid,  whose  greater  action  is  shown  by  the  nearly  com- 
plete solution  of  the  ferruginous  admixture.  Cold,  dilute  nitric  acid 
was  used  for  the  other  analyses. 

a  Ann.  Chem.  u.  Phar.,  vol.  'i38, 1886,  p.  183;  Zeit  fUr  anal.  Chemie,  vul.  2t>,  1887,  p.  632. 
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Insoluble 

UO, 

VA 

PA 

AsjOs 

AiA 

FeA 

CaO 

8rO 

BaO 

MgO 

K,0 

Na,0 

Li,0 

H,0  at  105°  . . 

H,0  at  350°  . . 

H,0  alK)ve  350* 

PbO 

CuO 

80, 

MoOs 

SiO, 

TiO, 

CO, 


I. 

II. 

III. 

a. 

b. 
ft8.34 

e. 

a. 

b. 

0  7.10 

«19.00 

rflO.33 

(0 

(/) 

54.89 

52.25 

47.42 

64.00 

52.28 

20.51 

18.49 

18.35 

15.76 

18.05 

17.50 

7.20 

.80 

.35 

.40 

.05 

trace 

none 

trace 

.25 

none 

none 

none 

none 

.09 

(?) 

.08 

.29 

(?) 

.08? 

.21 

1.77 

.72 

.42 

3.36 

.25 

3.34 

2.85 

2.57 

1.86 

1.85 

1.64 

.02 

(?) 

(?) 

trace 

trace 

(?) 

.90 

.72 

.65 

2.83 

3.21 

.29 

.22 

.20 

.24 

.14 

.17 

.07 

6.52 

6.73 

6.57 

5.46 

5.11 

1.51 

.14 

.09 

.07 

.13 

.02? 

.01 

trace 

(?) 

(?) 

trace 

(?) 

(?) 

2.43 

2.59 

1.85 

3.16 

4.-52 

1.85 

2.11 

3.06 

2.79 

2.21 

3.49 

6^1.64 

none 

none 
.25 
.20 
.12 

none 
.18 
.22 
.18 

none 

.07 

trace 

none 

A.  19 

.13 

.09 

.15 

trace 

nope 
.18 

none 

.23 
.06 
.10 

.18 
.13 

(?) 
none 

.05 
.20 

(?) 
none 

.04 

.15 

.07 

.03 

.06? 

.56 

.33 

1 

98.46 

98.84 

99.01 

99.25 

1 

I 

a  Containing  O.M  H,0,  0.09  V,Oj. 

bThe  insoluble  matU>r  had  the  following  composition:  SiO,,  6.18;  VsOt,  0.21;  PfO»,  0.09;  K^O,  0.28; 
Na,0.  0.04;  H,0, 105^,  0.66,  360°,  0.82,  +360°,  0.48;  AljO,.  TiOt,  Cr^O,,  etc.,  by  diff.,  l.».  The  80,  of  this 
ore  is  not  combined  with  BaO,  for  it  is  wholly  extracted  by  duute  acids.  Once  in  solution  the  acid 
used  is  sufficient  to  prevent  its  immediate  precipitation  as  BaSOi  by  union  with  some  of  the  barium 
prenent.    The  same  nolds  true  for  the  SO3  of  I-c. 

tf  This  material  was  obtained  by  floating  off  the  finer  matter,  allowing  it  to  settle,  collecting  on  a 
Gooeh  filter,  and  dr>ing  it  in  a  current  of  air  drawn  through  the  crucible.  The  insoluble  matter  held 
in  addition  to  16.41  <iuartz  and  silicates  (including  0.39  V|Os  and  a  little  UOs),  HtO,  106°,  0.83;  300^, 
0.73;  +300°,  1.03;  Uital  H^,  2.69. 

<f  Containing  0.16  V,(>,  and  1.90  HsO. 

«The  insoluble  matter  contained  besides  quartz- and  silicates:  0.26  V«pa,  0.21  KfO.  0.06  NSfO. 

/This  analysis  was  made  purposely  on  a  relatively  poor  ore,  furnished  by  Messrs.  Poulot  and  Voille- 
qu<^,  with  the  object  of  determining,  if  possible,  the  composition  of  the  vanadiferous  silicate  which 
it  contained  (see  p.  30).    The  data  for  calculating  the  H«6  values  of  both  analyses  are  as  follows: 


Ore. 


H,Oatloe°.... 
H,0  at  300° . . . . 
HsO  above  300° 


(a) 
8.68 
2.11 
.83 


6.47 


After  extrac- 
tion of  camo- 
tite  by  cold, 
dilute  nitric 
acid. 


(6) 


1.68 
.47 
.64 


2.79 


After  extrac- 
tion of  resi- 
due by  hot 
nitric  acid, 
sodium  car- 
bonate, etc. 


(0 


0.02 
.08 
.02 


.07 


a-b  furnishes  the  values  for  the  camotite  as  shown  in  analysis  III;  b-c  gives  those  for  the  leas  sol- 
uble silicate  (p.  30). 
0  At  300°. 
A  Above  300°. 


26  CONTRIBUTIONS   TO   MINERALOGY.  [bull.  262. 

DISCUSSION   OF  THE   CAKNOTITE   ANALYSES. 

It  will  be  noted  that  a  somewhat  marked  deficiency  appears  in  most 
of  the  analyses,  the  cause  of  which  is  quite  unknown.  Great  care  was 
exercised  in  most  cases  and  especially  in  those  which  show  the  greatest 
loss.  It  seems  hardly  possible  that  any  serious  constant  loss  of  a 
known  constituent  should  have  occurred,  but  the  only  alternative 
demands  the  presence  of  an  element  or  elements  unnoticed  and  which 
can  not  have  been  weighed  with  the  known  constituents.  The 
researches  of  M.  and  Mme.  Curie  have  shown  that  these  ores  contain 
traces  of  radio-active  elements,  precipitated  the  one  by  hydrogen 
sulphide,  the  other  by  sulphuric  acid.  Their  presence,  however,  in 
quantity  sufficient  to  account  for  the  observed  losses  in  the  above 
analyses,  especially  when  10  gmms  of  ore  were  operated  on,  could  not 
possibly  have  escaped  observation.  To  whatever  cause  it  may  be  due, 
this  loss  alone  suffices  to  render  somewhat  uncertain  any  calculations 
based  on  the  analytical  figures,  though  if  the  loss  is  to  be  ascribed  to 
uranium  or  vanadium  the  ratios  would  not  be  sufficientl}'^  affected  to 
obscure  any  simple  relations  that  might  exist.® 

Another  difficult}'  is  the  impossibility  of  knowing  what  constituents 
to  exclude  and  what  to  include  in  deducing  molecular  ratios.  It  is 
certain  that  most  if  not  all  of  the  iron  is  foreign  to  the  yellow  body. 
It  is  probable  that  phosphorus  is  likewise  so,  since  its  extraction  by 
dilute  acids  does  not  keep  pace  with  that  of  the  uranium  and  vanadium. 
It  may  possibl}'  be  in  combination  with  the  iron,  in  part  at  least.  The 
alumina  doubtless  is  derived  from  the  vanadiferous  silicate  which 
seems  to  exist  in  all  the  ores  and  which  is  not  quite  insoluble  in  cold 
dilute  acids.  If  so,  a  small  portion  of  the  vanadium,  potassium,  mag- 
nesium, and  water  are  to  be  attributed  to  this  mineral,  but  a  general 
correction  based  on  the  analysis  of  this  compound  (see  p.  30)  would 
not  be  justifiable.  Its  application  leads  to  nothing  definite,  even  in 
the  case  of  the  particular  ore  No.  Ill,  from  which  the  silicate  analyzed 
was  derived. 

In  the  following  tables  are  given  first  the  recalculated  analyses  and 
then  the  molecular  mtios.  All  those  constituents  have  been  excluded 
which  pretty  certainly  do  not  belong  to  the  carnotite,  but  small  portions 
of  some  of  those  retained  are  unquestionably  extraneous.  In  two  cases 
(l-(i  and  l-h)  a  certjiin  proportion  of  lime  has  been  arbitrarily^  excluded 
equivalent  to  the  acid  anh^^drides  CO.^,  M0O3,  and  SO3,  less  what  is 
needed  to  offset  PbO  and  CuO. 


"Accordinj?  to  Dr.  Harry  C.  Jones,  of  Johns  Hopkins  University,  who  very  kindly  undt'rt(K>k  to 
examine  a  specimen  of  the  Copj»er  Prince  ore  for  rare  gaseous  elements,  lielium  is  not  present. 
Faint  hydn>gen  lines  were  ol>8erved,  the  source  of  which  was  ascribed  to  water  vapor.  Other  lines, 
due  probably  to  hydrocarbons,  were  fairly  strong,  but  the  specimen  had  been  long  enough  exposed 
in  our  laboratory  and  elsewhere  to  have  accumulated  enough  dust  to  account  for  them. 
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CARNOTITE  ANALYSES  RECALCl'LATKD. 


VA 

PA 

AsjOs 

UO, 

CaO 

BaO(SK)). 

MgO 

K,0 

Na,0 

H,O-105° 
H,0  ■- 105^ 


l-a. 


20.72 
.90 


61.53 
3.03 
1.03 

.25 
7.31 

.15 
2.72 
2.36 


100.00 


MOLECULAR  RATIOS. 


I-/). 

20.12 

Il-ri. 

IT-/). 

III. 

21.09 

20.54 

19.85 

20.62 

.40 

.51 

.06 

.29 

60.06 

60.55 

61.44 

59. 31 

58.  75 

2.77 

3.28 

2.11 

2.10 

4.70 

.83 

.83 

3.22 

3.64 

.83 

.23 

.31 

.16 

.19 

.20 

7.73 

8.39 

6.21 

5.80 

4.33 

.10 

.09 

.15 

.02 

.03 

2.98 

2.36 

3.59 

5.13 

5.30 

3.52 

3.56 
100.00 

2.52 
100.00 

3.96 

5.24 

100.00 

100.00 

100.00 

VA 

PA 

AsjOj.... 

UO, 

CaO 

BaO(SrO) 
MgO 


K,0 


Na,0 

H/)     105° 
H,Of  105° 


1248 


lion         |fll241 
soil  137 1       4 


2088 


606 


''n809|r^ 

33/         I    i 


22/ 


1511 
1311 


848 

1656 
1956 


{ 


5861 

54 

78 
891^ 

20/ 


2105 

3771 
\  7\Hl  210 


911 

1311 
1978 


40j 
659i 


1081 


2062 


692 


li)94 
1400 


1128 


2043 


943 


{    ^H    e}^ 


2850 
220o' 


2944 
2911 


These  ratios  lead  to  the  following  empirical  formulas,  in  which  onh^ 
the  water  given  off  al>ove  105'^  is  considered.  Since  the  water  is 
wholly  removable  Ijelow  350  '  it  is  regarded  a.s  water  of  crystallization 
and  not  of  constitution. 


I^ 

I-b 

R'. 

1618 
1696 
1822 
i:^84 
1240 
932 

R". 

671 
606 
718 
627 
6<K) 
943 

R*. 

2392 
2496 
2274 
2256 
2162 
2256 

r. 

2140 
2088 
2105 
2136 
2062 
2043 

0. 

"  "" 

13880  . 
13958  ' 
i:^29  j 

i;«67 

12871 

13178  ; 

HjO. 

1311 
1956 

1-c 

1978 

Il-il 

1400 

II-6 

2200 

Ill 

2911 
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If  it  be  assumed  that  the  bivalent  elements  offer  the  most  accurate 
determinations,  the  above  ratios  may  be  reduced  to  the  following 
simpler  terms  on  that  basis: 


R'. 

R". 

R'. 

u. 

3.19 
3.45 
2.93 
3.41 
3.12 
2.16 

o. 

HjO. 

\-a 

2.41 
2.80 
2.54 
2.21 
1.88 
.99 

3.56 
4.12 
3.17 
3.60 
3.27 
2.:i9 

'     20.68 
23.03 
18.98 
21. 32 
19.50 
13.98 

1.95 

1-6 

I-c 

Il-a 

II-6 

3.23 
2.75 
2.23 
3.33 

Ill 

3.09 

The  results,  however,  show  a  great  lack  of  agreement  and  wide 
variation.  It  is  plain  that  no  probable  formula  can  be  calculated  for 
the  yellow  body.  The  variations  are  of  such  a  nature  as  to  indicate 
in  the  plainest  manner  that  it  is  a  mixture  of  several  substances. 

So  detailed  a  discussion  as  the  foregoing  would  hardly  have  been 
justified,  in  view  of  the  negative  conclusions  arrived  at,  but  for  the 
fact  that  Messrs.  Friedel  and  Cumenge  in  their  paper  announced  a 
simple  formula  for  the  body  examined  by  them  and  gave  it  the  specific 
name  carnotite.  Their  .published  analyses  are  as  given  below,  from 
which  they  have  excluded  considerable  sand  and  traces  of  barium, 
aluminum,  lead,  copper,  and  radio-active  bodies  as  present  in  excess- 
ively small  quantities.  They  make  no  mention  of  calcium  and  admit 
that  their  values  for  water  are  open  to  doubt.  The  formula  deduced 
by  them  is  21T,05,«  VAi  K,0,  311,0. 


1. 

Fou 
2. 

62.46 
19.95 
11.09 

n<l. 

3. 

4. 

Calculated. 

u,o,« 

64.70 
20.31 
10.97 

63.  54 

v.o. 

20.12 
10.  37 

K,0 

H,0 

5.29 

4.81 

5. 95 

Fe,Oji 

.96 

.65 

^-T^-'g  «••«»•--••»•••»•-•»»«• 



99.  98 

a  Old  notation,  equivalent  to  the  modem  UOs. 


It  appears  from  these  analyses  that  Messrs.  Friedei  and  Cumenge  by 
great  good  fortune  obtained  a  variety  of  samples  of  the  pure  potassium 
compound,  free  from  calcium  and  without  appreciable  admixture  of 
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barium.  This  is  very  remarkable  in  view  of  the  fact  that  all  the  ores 
from  different  localities,  examined  by  me  show  large  admixture  of 
calcium  or  barium  salts  or  both,  even  that  which  is  certified  to  have 
come  f roni  the  same  lot  as  that  from  which  their  material  was  taken. 
The  French  authors  give  a  brief  outline  of  their  methods  of  analysis. 
That  one  which  afforded  them  the  best  results  would  involve  the 
weighing  of  any  calcium  present  as  sulphate  along  with  the  potassium, 
on  the  assumption  that  the  presence  of  that  element  had  been  over- 
looked. It  is  much  to  be  desired  that  a  reanalysis  of  their  material 
should  be  made,  if  there  is  any  of  it  still  available,  in  order  to  clear 
up  the  doubt  connected  with  the  first  analysis. 

In  the  light  of  the  evidence  herein  set  forth,  the  existence  of  a  dis- 
tinct mineral  species  having  the  composition  claimed  for  carnotite  can 
by  no  means  be  considered  as  established. 

AVERAGE  QUALITY  OF  MARKETED  ORE. 

As  these  carnotite  ore  bodies  are  being  exploited  for  the  market,  it 
is  of  some  interest  to  know  the  average  quality  of  each  commercial 
lot.  A  carefully  prepared  sample  representing  several  tons  of  ore  was 
received  from  one  of  the  commercial  houses  of  Denver  and  was  found 
to  carry  11.49  per  cent  of  uranium  counted  as  U5O,,  and  6.40  per  cent 
of  vanadium  counted  as  V^Og.  Over  one-sixth  of  the  vanadium  existed, 
however,  in  thetrivalent  state,  not  as  a  constituent  of  the  yellow  body, 
but  doubtless  of  a  silicate  like  the  one  whose  composition  is  given  on 
page  30. 

COMMERCIAL  ASSAY. 

The  commercial  assay  of  these  ores  has  presented  difficulties  to  the 
technical  chemist,  the  results  being  sometimes  very  discordant. 

As  to  uranium,  this  is  not  surprising.  The  methods  that  have  prob- 
ably been  commonly  employed  will  give  varying  results,  according  to 
the  contents  of  the  ore  in  phosphorus  and  alkaline  earths.  Possibly 
the  old  Patera  process,  described  in  most  text-books  on  analytical 
chemistry,  might  be  made  to  serve,  with  modifications  called  for  by 
the  large  amount  of  vanadium  present. 

The  assay  for  vanadium  presents  little  difficulty  and  does  not  require 
much  time.  The  ore  is  fused  with  sodium  carbonate,  leached  with 
water,  and  the  fusion  repeated  on  the  residue.  The  combined  filtrates 
are  acidified  by  sulphuric  acid,  arsenic  and  molybdenum  are  precipi- 
tated in  the  hot  solution  by  hydrogen  sulphide,  whereby  the  VjOg  is 
reduced  to  VgO^.  After  filtration  and  expulsion  of  hydrogen  sulphide 
by  boiling,  the  vanadium  is  titrated  in  hot  solution  by  permanganate. 
It  is  then  reduced  by  sulphur  dioxide  gas,  and  after  boiling  this  out 
the  titration  is  repeated.  The  results  are  exact,  and  they  are  not 
affected  by  the  uranium  that  may  be  present. 
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IV.  COMPOSITION  OF  VANADIFEROUS  SILICATE  IN  CARNOTITE 

ORE. 

• 

As  already  mentioned;  the  ores  contain  a  vanadiferous  silicate  free 
from  uranium.  To  the  end  of  ascertaining  its  com'position,  if  possible, 
ore  No.  Ill  (p.  25),  from  the  Yellow  Bird  claim,  low  in  camotite,  but 
relatively  rich  in  vanadium,  was  treated  as  follows: 

The  carnotite  from  10  gfams  was  extracted  by  cold,  dilute  nitric  acid, 
and  the  well-washed  residue,  consisting  of  coarse  sand  and  an  utterly 
amorphous  mud,  by  4  per  cent  sodium  carbonate  solution  to  get  rid  of 
the  small  amount  of  silica  presumably  set  free,  but  not  dissolved  by  the 
acid.  This  amounted  to  0.35  per  cent  in  duplicate  determinations,  and 
together  with  0.06  per  cent  in  the  acid  solution,  or  0.41  per  cent  in  all, 
may  serve  as  a  maximum  figure  by  which  to  gage  the  action  of  the 
cold  acid  on  the  silicate  or  silicates  in  the  ore.  The  residue  was  then 
digested  for  several  hours  with  warm  nitric  acid  of  about  1.2  specific 
gravity  until,  as  shown  b}^  a  companion  test,  its  action  had  ceased.  It 
was  then  filtered,  washed,  and  digested  with  5  per  cent  sodium  car- 
bonate solution  to  dissolve  the  copious  deposit  of  silica.  The  final 
residue  was  collected  in  a  Gooch  crucible,  washed  with  sodium  car- 
bonate, followed  by  dilute  nitric  acid  to  remove  all  alkali,  then  by 
alcohol  to  prevent  turbidity  in  the  filtrate,  and  dried  by  suction  of  the 
pump.  In  it  the  water  was  determined  at  different  temperatures;  also 
its  general  composition.®  From  the  sodium  carbonate  filtrate  the 
silica  was  obtained  by  two  evaporations  and  filtrations;  also  the  trifling 
amount  held  by  the  acid  solution.  This  latter  was  then  fully  analyzed 
and  the  complete  results  follow: 


Per  cent  in 
ore. 


SiO, 

AiA-.- 

VA 

FeA 

CaO..: 

MgO 

K^O 

Na,0 

HjOatlOS^C... 
H^OataOO^C... 
H,0  above  300^  C 


6.4S 
6  2.445 

rf.875 
.035 

''.654 
.546 

.o:s 

.ri.66 
.r.44 
./•.62 

14.  75 


Per  cent  cal- 
culated to 
100. 

Ration 

I. 

43.94 

0 

.  7275 

16.58 

0. 1622 

6.54 

.  0434 

.2426 

5.93 

.  0370 

.24 

.0043^ 
.1099/ 

4.43 

.1142 

3.70 
.20 

.  0393i 
.0037/ 

.0430 

11.26 

.9222 

2.98 

.1655 

4.  20 

.  2333 

100.00 

"SiOs,  48.89;  AlaO-,,  FeaOs.  zircon,  etc..  0.44:  TiO..  0.08,  MgO,  0.01;  K»0,  0.11:  NaoO.  0.03:  HjO,  0.07; 
total,  49.68.       <» 2.4ft  and  2.41.        <•  0.9:^  and  1 .00.       «' 0.87 and  0.88.        « O^e.^  and  0.657.       /Determined 
on  H  si'immte  jtortion  of  the  same  powdered  sample.    See  i>.  25,  footnote,  for  data. 

Also  traces  of  titanium,  manganese,  and  UtVimm. 
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On  the  improbable  assumption  that  the  iron  is  to  be  wholly  included, 
and  regarding  only  the  water  given  off  above  300^,  the  following 
ratios  result: 

^467   ^M    ^^    114   ^      4M   ^^727   ^16739 

which  become,  if  the  iron  is  excluded, 

"^4*7    ^  8«   ^    114   ^      411   "^^  *727   ^24i2* 

These  figures,  while  strongly  suggesting  definite  ratios  between 
cei*tain  of  the  constituents,  do  not  under  the  circumstances  warrant 
the  deduction  of  a  formula,  nor  do  they  lead  to  the  same  conchision  as 
in  the  case  of  the  green  cementing  material  of  the  sandstone  at  Pla- 
cerville.  The  phengite-muscovite  ratio  of  that  is  not  apparent  here; 
)"ct  it  is  not  at  all  unlikely  that  a  mineral  like  the  one  from  Placerville 
is  present,  but  contaminated  with  some  other.  In  fact  it  would  be  sur- 
prising to  find  anything  but  a  mixture  in  sandstones  so  thoroughly 
altered.  The  very  existence  of  such  vanadiferous  transition  products 
is  itself  highly  interesting,  and  these  tedious  analyses  were  not  there- 
fore made  in  vain.  The  mud-like  amorphous  character  of  this  material 
precludes  an)^  hope  of  aid  from  the  microscope  in  solving  the  question 
of  its  homogeneity. 

SUMMARY. 

The  body  called  carnotite  is  probably  a  mixture  of  minerals,  the 
exact  nature  of  which  analysis  fails  to  reveal.  Instead  of  being  the 
pure  uranyl-potassium  vanadate,  it  is  to  a  large  extent  made  up  of 
calcium  and  barium  compounds.  Intimately  mixed  with  and  entirely 
obscured  by  it  is  an  amorphous  substance — a  silicate  or  mixture  of 
silicato^s-  containing  vanadium  in  the  trivalent  state  probably  replac- 
ing aluminum. 

The  deposits  of  carnotite,  though  distributed  over  a  wide  area  of 
country,  are  for  the  most  part,  if  not  altogether,  very  superficial  in 
character  and  of  recent  origin. 

The  green  coloring  and  cementing  material  of  certain  sandstones 
near  Placerville,  Colo.,  is  a  cryptocrystallinc  alumino-vanadio-potas- 
sium  silicate  resembling  roscoelite,  but  with  the  percentage  propor- 
tions of  AljOs  and  VjO,  reversed.  It  constitutes  over  25  per  cent  of 
portions  of  the  sandstone,  and  contains  nearly  13  per  cent  of  VgO,,  the 
latter  amounting  in  the  maximum  case  observed  to  3.5  per  cent  of  the 
sandstone. 

As  yd  (1900)  these  highly  vanadiferous  sandstones  have  been  found 
only  at  Placerville,  where  it  is  intended  to  work  them  for  vanadium. 
Carnotite  is  associated  with  them  in  only  trifling  amount. 

Other  sandstones  noticed  owe  their  bright  green  color  to  chromium. 

In  yet  another  case  where  the  color  was  dull  green  this  was  not  due 
to  either  chromium  or  vanadium. 


SOME  ADDITIONS  TO  THE  ALUNITE-JAROSITE  GROUP  OF 

MINERALS. 


By  W.  F.  HiLLEBRAND  and  S.  L.  PBNnEi.D. 


Two  new  varieties  of  jarosite  will  be  described  in  the  present  paper. 
One  is  from  Nevada,  and  was  collected  by  Mr.  H.  W.  Turner,  of 
the  United  States  Geological  Survey,  and  sent  to  the  Survey  labora- 
tory at  Washington  for  identification;  the  other  is  from  New  Mexico, 
and  was  sent  by  Mr.  J.  H.  Porter,  of  Denver,  Colo.,  to  the  min 
eralogicAl  laboratory  of  the  Sheffield  Scientific  School.  Except  for 
slight  differences  in  color  the  two  minerals  look  exactly  alike,  each 

consisting  of  minute,  isolated,  tabular  crys- 
tals, which,  as  may  be  seen  with  the  micro- 
scope, are  composed  of  combinations  of  a 
rhombohedron  with  largely  developed  basal 
planes.  By  chance  it  happened  that  the 
present  writers  discovered  that  they  were 
both  engaged  in  the  investigation  of  com- 
pounds belonging  evidently  to  the  same 
group,  and  it  was  decided  to  bring  the 
results  together  into  one  paper. 

XATR0JAR08ITE. 

The  material  collected  by  Mr.  Turner  was 
obtained  on  the  east  side  of  Soda  Springs 
Valley,  Nevada,  on  the  road  from  Sodavillc 
to  the  Vulcan  copper  mine.  It  consists  of 
a  glistening  powder,  made  up  of  perfect 
crystals  having  the  habit  shown  in  fig.  1,  although  generally  only 
one  rhombohedron,  r,  is  present  instead  of  two,  as  shown  in  the  figure. 
The  largest  crystals  observed  were  0.15  mm.  wide  and  0.025  mm. 
thick,  and  the  general  average  would  not  be  over  half  that  size.  In 
spite  of  their  minuteness,  however,  it  was  possible  to  measure  the 
angles  of  the  crystals  with  the  reflection  goniometer,  the  chief  dif- 
ficulty arising  not  so  much  from  their  small  size  as  from  the  vicinal 
chamcter  of  the  basal  planes.  After  repeated  trials  a  crystal  was 
3^ 


Fig.  1.— Natrojaroalte. 
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found  having  a  fairly  good  basal  plane,  and  from  this  crystal  the  fol- 
lowing angles  were  obtained: 

Calcu- 
Moamvcd.  Measured.  latcd. 

r^r,     O()0lyvlOTl=51°5y*         c^i<,    0001^^0221=68°  42'        68°  35' 

c^r',   0001yvTl0l=51    53  c^s",  0001^^2021=68    48         68    ;^ 

<•>./•'',  0001^0111=52    26  ryvK,  1011yvTl01=86      5         85    54 

The  crystals  belonged  to  the  rhonibohedral  division  of  the  hex- 
agonal system,  and  the  angle  c  ^  r,  51^  53',  which  is  probably  very 
nearly  correct,  has  been  assumed  as  fundamental,  and  from  it  the 
following  axial  ratio  has  been  calculated: 

c'=1.104. 

That  the  axial  ratio  as  given  is  very  near  the  truth  is  shown  by  the 
fact  that  the  measurements  oi  c  ^h  and  /•  ^  r  do  not  vary  many  min- 
utes from  the  calculated  values;  while  on  a  number  of  other  crystals, 
measurement  of  the  angle  c  ^  /•,  though  varying  considerably,  was 
found  to  be  not  far  from  52^.  The  angles  oi  c  ^r  and  /•  ^  r'  of  the 
ordinary  potassium  jarosite  are  55^  16'  and  90^  45',  respectively. 

Und(»r  the  microscope  the  crystjils  exhibit  normal  optical  properties. 
With  a  high-power  lens  and  convergent  light  the  thicker  crystals  show 
the  dark  cross  and  the  lieginnings  of  the  lirst  ring  of  the  interference 
figure.  The  birefringence  is  negative.  The  color  of  single  crystals, 
when  i^ii^ii  under  the  microscope  in  transmitted  light,  is  golden  yellow. 
Many  of  the  crystjils  show  numerous  brown  inclusions.  The  color 
shown  by  a  mass  of  the  crystals  is  yellowish  brown,  and  the  mat-erial 
glistens,  owing  to  reflections  from  the  basal  planes  of  the  minute 
i*rvstiils. 

The  material  used  for  the  chemical  analysis  was  the  i)urest  that 
could  })e  obtained,  although  crystals  contjiining  the  brownish  iiiclu- 
sior»s  just  mentioned  could  not  l)e  avoided,  and  there  were  occasional 
brown  ferruginous  particles  mixed  with  the  crystals.  The  specific 
gravity  of  the  material  was  found  to  Ikj  3.18  at  30.5"  C.  The  results 
of  the  analysis  bv  Hillebrand  are  as  follows: 


Ko.Oa 50.98  0.310  3.29 


RHtio 
0.311 

Na,()'' 6.03  .OiMi         ^  ^^ 

K,() :«  .004/ 

SO., :^0.96  .387  4.00 

IKOIk'Iow  105° 12 

IIjO  above  105° 11. 03  .  613  H. :« 

Ah,()3 20 

SiO, 23 

C^a(  > 04 

m).  94 

'I  Of  the  stKlii  0.22  per  cent  is  not  extmcte;!  by  hot  water  after  full  ignition  of  the  niineml.and  henee 
may  Ix'Iouk  to  a  feldspar  or  some  other  foreign  mineral.  Only  6.81  jHjr  cent  is  a».suiiie<l  to  belong  to. 
the  jaroMite  and  uned  in  deriving  the  moleeular  value. 
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The  ratio  of  FeA  ^  Na,0 ;  SO3 :  H,0  is  evidently  3:1:4:6  as  in 
ordinary  jarosite,  where  the  alkali  is  potash  instead  of  soda.  The 
slight  excess  of  Fe^O,  and  H^O,  as  indicated  by  the  ratio,  is  evidently 
due  to  some  ferric  hydroxide;  probably  the  dark  ferruginous  impuri- 
ties seen  under  the  microscope  are  in  part  responsible  for  this,  and 
there  are  also  traces  of  some  arsenate  and  silicate  present.  By  attrib- 
uting the  excess  of  FcjOj  and  H,0  to  impurities,  it  is  found  that  94  per 
cent  of  the  material  analyzed  may  be  regarded  as  pure  natrojarosite, 
as  indicated  below: 


Fe^O, 
Na,0 

H2O. 


After  deducting  impuri- 
ties. 


46. 43  or  '49.39 

5.81  or  6.18 

. :«  or  .  37 

30. 96  or  32.94 

10. 45  or  11.12 


94. 00  or  100. 00 


Thoor>'  for 
NiuFe«fOH],2 

[804]4. 


49.49 
6.39 


32.99 
11.13 


100.00 


That  6  per  cent  of  impurities  should  be  present  in  a  crystalline 
powder  such  as  was  analyzed  is  not  suq^rising  when  it  is  taken  into 
consideration  that  it  would  require  something  like  2,5(K),(X)0  crystals 
to  make  one  gram  of  material,  the  estimation  being  based  on  the 
assumption  that  the  crystals  are  0,10  mm.  in  axial  diameter  and  0.02 
mm.  thick,  which  is  certainly  above  their  average  size. 

Among  the  specimens  from  Cooks  Peak,  New  Mexico,  sent  to  the 
Sheffield  laboratory  by  Mr.  Porter,  were  some  masses  of  a  mther 
tirmly  cemented  aggregate  of  minute  crystals  of  a  mineral  of  the  jaro- 
site  group.  The  specimens  are  of  a  brownish-yellow  color,  and  have 
in  places  the  glistening  appearance  of  a  mica-schist.  They  also  look 
as  though  they  had  been  subjected  to  pressure  and  had  been  some- 
what sheared.  The  material  is  rather  easily  crushed,  and  the  powder, 
when  examined  with  the  microscope,  exhibits  the  proprieties  of  the 
natrojarosite  just  described.  The  crystals  are  associated  with  a  little 
limoiiitc  and  quartz,  and  pure  mat<3rial  for  analysis  could  not  be 
obtained.  Only  a  partial  analysis,  therefore,  was  undertaken  with 
the  following  results: 

FeA ^^'^^ 

Na./) 4.49 

K,() : 77 

VU) 96 

SO3  and  HgO  w^ere  present  but  not  determined.     The  result'^  are  suffi- 
cient  to  indicate  that  the  material  is  essentially  natrojarosite. 
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PL.UMB0JAR08ITE. 

This  material  is  from  Cooks  Peak,  New  Mexico.  It  occurs  as  a 
glistening,  crystalline  powder  and  as  loosely  cohering  masses  which 
may  easily  be  crushed  by  pressure  between  the  lingers.  The  crystals 
are  very  symmetrical,  and  are  exactly  like  those  of  natrojarosite  (fig. 
1),  although  generally  only  one  rhom])ohedron,  r,  is  present.  On  the 
average  the  crystals  are  a  trifle  smaller  and  noticeably  thinner  than 
those  of  natrojarosite.  A  number  of  crystals  were  measured  on  the 
reflecting  goniometer,  the  chief  difficulty  arising  rather  from  the 
vicinal  character  of  the  faces  than  from  their  small  size.  One 
unusually  large  crystal,  0.28  mm.  broad  and  0.015  mm.  thick,  was 
finally  found,  having  the  development  shown  in  fig.  2,  which  is 
unusual,  for  generallj-  r  (lOll)  and  not  h  (0221)  is  the  prevailing  rhom- 
bohedron.  Fortunately  the  crystal  was  so  taken  up  on  a  minute  point 
of  wax  that  the  measurement  of  «^*  in  three 

rhombohedral  zones  was  possible.  The  results  #c-:Trrrrr^--'"'c~*""i!:s^ 
of  five  measurements  of  *  ^  over  the  upper  and  X>  "  j  \  "^I^S^^ 
lower  pole  edges  varied  between  109^  5'  and  fig.  2.-piumbojaroBite. 

109^  30',  the  average  being  109^  16';  while 

six  measurenients  over  the  middle  edges  varied  between  70"  10'  and 
71"^  00',  the  average  being  70^  36'.  The  average  of  the  two  supple- 
mentary values  gives  «>v«,  2201^0221  =  109"  20',  which  has  been 
assumed  as  fundamental,  and  from  it  the  following  axial  ratio  has 
been  calculated: 

<?=1.216. 

On  the  crystal  from  which  the  foregoing  measurements  were  obtained 
the  basal  plane  was  vicinal  and  hence  no  reliable  measurements  of 
c^8  could  be  had  from  it.  On  a  number  of  other  crystals,  however, 
the  angle  of  Cj<r  was  measured  with  varying  results,  the  variation 
resulting  from  the  uncertainty  of  the  reflections  from  the  basal  planes. 
Four  measurements  of  c^^r^  which  were  recorded  in  the  notebook  as 
derived  from  the  best  reflections,  varied  between  54"^  15'  and  54^  44', 
the  average  l>eing  54-  30',  while  Cj^i\  OOOlyvlOll,  by  calculation  fi-om 
the  fundamental  measurement,  is  54'^  32'.  Hence  it  may  be  assumed 
that  the  axial  ratio  as  established  is  reasonably  exact.  The  calculated 
value  of  r^r,  lOTUTlOl,  is  89'^  42'. 

In  polarized  light  the  crystals  exhibit  normal  optical  properties  and 
negative  birefringence.  Being  on  the  average  thinner  than  crystals  of 
natrojarosite,  it  is  seldom  that,  with  the  highest  powers  and  conver- 
gent light,  even  the  l>eginning  of  the  fii-st  ring  of  the  uniaxial  inter- 
ference figure  is  visible.  Individual  crystals  show  under  the  micro- 
scope in  transmitted  light  a  golden-yellow  color.  A  mass  of  crystals 
has  the  appearance  of  a  glistening  dark-brown  powder,  the  color  being 
decidedly  darker  than  that  of  natrojarosite. 
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The  analysis  of  the  mineral  was  made  on  the  very  be«t  material, 
having  a  spocific  gi'avity  of  3.665  at  30^  C  The  results  are  surprising, 
and  were  wholly  unlooked  for,  since  it  is  found  that  this  jarosite  eon- 
tains  lead  in  the  place  of  alkalies.  The  results  by  Hillebrand  are  as 
follows: 


• 

I. 

42.36 
.12 

19.69 

.17 

ft.  21 

27.05 
.02 
9.59 
.  56 
.27 
.05 
.01 

II. 

m. 

IV. 

Mean. 

42.37 
.10 

19.84 

.17 

ft.  21 

27.06 

.02 

9.54 

.51 

.27 

.a5 

.01 
100.  15 

Ratio. 

Fe,0. 

42.38 

.08 

19.99 

0.265) 

}  3. 15 
.001/ 

^^>^5    ............... 

ALO,?« 

0.11    

PbO 

19.89 

19.79 

.089    i.a5 

K.O 

! 

•  Na,0 

1 

SO, 

27.07 

.  338     4. 00 

HjO  l)elow  105° 

HjOaboveia5° 

SiO, 

9.49 
.51 
.27 

.  530    ().  27 

.47 

CuO I.. 

CaO 

McO 

■•**••••   •»-••• 

—  —    - 

"The  prwwncc  of  alumina  wa^  not  definitely  pmved.  The  flifurca  here  given  are  the  differenees 
between  the  Heveral  weights  of  the  ammonia  preeipitaten  and  thoKC  of  tlic  fcrrie  iron  in  them,  »» 
determined  by  i>ermanganate  after  reduelion  by  hyarogen  sulphide. 

I'  Prolmbly  Homewliat  liigh. 

The  nitio  of  Fe^O.,  :  PbO  :  Si\  :  H^O  is  very  close  to  3:1:4:6, 
indicating  that  the  mineral  is  a  variety  of  jarosite,  and  the  slight 
excess  of  Fc^Qi^  HjO,  and  PbO  +  alkalies  may  be  lu-countod  for  by 
assuming  that  slight  impurities  arc  present,  partly  ferric  hydroxide, 
in  i)art  some  lead  salt,  and  perhaps  a  solul)le  silicate,  tis  shown  by  the 
complete  solubility  of  the  silica  in  acids.  Assuming  that  the  ratio  is 
exactly  3  :  1  :  4  :  6,  it  is  found  that  4.36  per  cent  of  impurities  are 
present,  and  the  remaining  05.64  per  cent  may  then  be  regarded  as 
plumbojarosite,  as  follows: 

Theory  for  I»bFe« 

10U],2[S04j4. 

FcjOs 40.59(>r  42.44 

PbO 18.86or  19.72 

SO3 27.06  or  28.2t) 

Hfi 9. 13  or  9.55 

95.  (H  or  1(X).  00 

Since  it  took  probably  2,.500,CM)0  crystals  of  natrojarosite  to  make  1 
gram  of  material,  it  certainly  must  have  tiikon  fully  4,()()0,00()  to  make 
a  grain  of  plumbojarosite,  for  the  crystals  of  the  latter  miheral, 
though  somewhat  heavier,  are  decidedh'  thinner  than  those  of  the 
former;  hence  the  presence  of  4.5  per  cent  of  impurities  in  such  a 
crystalline  product  is  not  to  be  wondered  at. 
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JAROSITE  AND  ALiirNTITE. 

As  may  be  seen  from  the  published  analyses  of  these  minerals,  the 
alkali  metal  they  contain  is  almost  always  potassium,  though  sodium  is 
at  times  present.  The  formulas  assigned  to  the  two  minerals  -are  there- 
fore K,0+3Fe,03+4S03+6HjO  and  K,0  +  SAl^O,  ■+  480,  +  6II,0, 
which  may  be  variously  expressed,  as  will  be  indicated  later. 

A  mineral  corresponding  to  natrojarosite  of  this  article,  though  con- 
taining a  little  potash,  has  been  described  by  W.  P,  Ileadden''  from  the 
Buxton  mine,  Lawrence  Count\%  S.  Dak.  The  crystals  are  described 
as  scales,  consisting  of  a  combination  of  base  and  rhombohedron. 
The  material  analyzed  was  evidently  somewhat  impure,  as  quartz  • 
and  some  As^Oj  are  reported.  As  the  As^Og  evidently  does  not 
belong  to  jarosite,  the  assumption  may  be  made  that  some  scorodite, 
FeAs04.2HjO,  is  present,  and  the  results  of  Headden's  analysis  may 
then  be  interpreted  as  follows: 


Na,()  . 
K,()  . . 
CaO  .. 
SO,... 
H3O.. 
AsjOj. 
Quartz 


Original 
anatytiis. 


46.27 

4.35 

1.47 

.39 

28.46 

10.55 

2.36 

6.10 


99.95 


Scorodite 
and  quartz. 

Natrojaroflite. 

Ratio. 

1.60 

44. 67  or 

4.  35  or 

1.47  or 

.  39  or 

28. 46  or 
9.  83  or 

50.10 

4.86 

1.65 

.44 

31. 93 

11.02 

3.13 

1.04 

4.00 

.72 
2.36 
6.10 

10.78 

6.13 

89. 17  or 

100.00 

Thus,  assuming  the  presence  of  4.68  per  cent  of  scorodite  and  6.10 
of  quartz,  and  deducting  them,  the  remainder  agrees  very  closel^^with 
natrojarosite,  giving  a  good  ratio,  very  near  8:1:4:6. 

Alunite  containing  considera])le  soda  has  Ix^en  described  by  Whit- 
man Cross*  from  Rosita  Hills,  Colorado,  and  by  E.  B.  Ilurlburf  from 
Red  Mountain,  Colorado,  and  analyses  of  both  minerals  show  al^out 
equal  percentages  of  K,0  and  Na^O,  or  a  molecular  ratio  of 
K,0:  Na^0=4: 7.  The  occurrence,  therefore,  of  sodium  in  the  jarosite- 
al unite  group  is  in  accordance  with  previous  observations,  but  the 
case  is  quite  different  with  lead.  As  far  as  the  present  writers  are 
aware,  this  is  the  first  instance  on  record  where  lead  has  been  observed 
isomorphous  with  the  alkali  metals.  It  is  interesting  to  note  that  the 
alunite  from  Red  Mountain,  Colorado,  occurs  as  a  crystalline  powder, 
the  crystals  being  exactl}'  like  those  of  natrojarosite  and  plumbojaro- 


aAm.  Jour.  8cL,  3d  aer.,  46,  IftW,  p.  24.         h  Ibid.,  41, 1891,  p.  41^.  c YWA.,  A&,^»»V, V-'^SS^* 
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r- 
site,  except  that  they  are  a  trifle  smaller  and  white,  or  colorless,  when 

seen  under  the  microscope. 

From  a  chemical  standix>int  the  most  interesting  feature  of  the  new 
minerals  is  the  light  they  throw  upon  the  isomorphism  of  potassium, 
sodium,  and  lead.  Ordinarily,  even  potassium  and  sodium  are  not 
isomoi*phous,  as  shown  by  the  fact  that  their  simple  salts  seldom 
<T3'stallize  in  the  same  form.  Although  KCl  and  NaCl  both  cr3^stal- 
lize  in  cubes,  it  is  not  certain  that  both  salts  belong  to  the  same  group 
of  the  isometric  system.  It  has  been  shown,  for  example,  by  etching, 
that  KCl  crystallizes  like  NIT^Cl  in  the  plagihedral  group  of  the  iso- 
metric system,  while  the  etchings  produced  on  halite  seem  to  indicate 
that  it  crystallizes  in  the  normal  group.  Again,  at  Stassfurt,  Ger- 
many, sylvite  and  halite  both  occur  crystallized  side  by  side  upon  the 
same  hand  specimen,  instead  of  mixing  as  isomorphous  molecules. 
Even  in  such  complex  molecular  compounds  as  the  feldspars,  the 
potassium  and  sodium  salts  crystallize  as  orthoclase  and  albite,  rather 
than  as  isomorphous  mixtures.  Lastly,  potassium  has  a  strong  tend- 
ency to  form  alums,  which  is  not  shared  by  sodium.  In  contrast  to 
these  differences  in  chemical  nature,  we  have  in  the  jarosite-alunite 
group  of  minerals  not  only  the  i^kali-metals,  potassium  and  sodium, 
but,  what  seems  still  more  remarkable,  lead^  playing  the  same  role  in 
the  compounds,  and  yielding  crystals  which  are  surprisingly  alike  in 
all  their  physical  properties.  The  writers  can  at  present  offer  no 
other  reason  for  the  isomorphism  in  the  group  of  minerals  under  con- 
sideration than  that  the  alkalies  and  lead  play  so  small  a  role,  and  the 
remaining  constituents  so  prominent  a  part  in  the  complex  chemical 
molecules,  that  the  latter  control  or  dominate  the  crystallization  bv 
virtue  of  what  may  be  called  their  uiass  effect. 

The  alunite  from  lied  Mountain,  described  by  Hurlburt,  was  ana- 
lyzed in  the  Sheffield  niineralogical  laboratory  under  the  direction  of 
one  of  the  present  writers,  and  it  was  found  that  water  was  first 
expelled  from  the  compound  at  a  rather  high  temperature,  thus  indi- 
cating that  the  mineral  contains  hydroxyl  and  no  water  of  crystalliza- 
tion; accordingly  it  was  shown  that  the  seemingly  complex  formula 
of  the  mineml,  expressed  by  the  mtion  AljOj :  K^O :  SO3 :  IlgO  =  3:1: 
4 : 6,  may  be  nmch  simplified  to  K[A1(0H) J3[S0J,.  In  the  light  of 
the  present  investigation  it  now  seems  best  to  abandon  the  above 
simple  formula  and  adopt  one  containing  double  the  number  of  atoms, 
in  order  to  make  clear  the  isomorphism  between  K,,  Na,,,  and  Pb. 
The  formulas  of  the  minerals  of  the  group  would  then  be  expressed 
as  follows: 

Alunite K,[A1(0H),MS04]4   or  K,Ale[0H]„[S04], 

Natroalunite Na,[Al(On),]e[SO,L  or  Na,Al«[OH],2[S04]4 

Jarosite K,[Fe(OH),MS04]4  or  K,Fee[0H]„[S0,]4 

Natrojarosite Na^[Fe(OH  ),1«[S0,]4  or  Na^FeeCOHluCSOJ* 

Plumbojaroaite Pb^FeiOUVA^V^O.Av  vNTVVV^,\C^Vt\^^V^,\v 
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In  the  case  of  the  lead  compound  one  atom  of  lead,  and  in  the  others 
two  atoniH  of  cither  potassium  or  sodium,  are  combined  in  complex 
molecules  containing  fifty  otiier  atoms;  hence  that  the  complex  of 
fifty  atoms,  to  the  right  of  the  K,,  Na,  and  Pb  in  the  foregoing  formu- 
las, should  control  or  dominat«  crystallization  by  virtue  of  inasH  effect, 
and  condition  an  isomorphism  between  such  unlike  elements  as  sodium, 
potassium,  and  lead  is  not  so  surprising  as  would  at  first  appear. 

Having  adopted  the  double  formulas,  as  given  above,  there  are 
numei-ous  waj's  of  writing  developed  formulas,  of  which  the  following 
are  |)erhaps  the  simplest  and  most  satisfactory: 


jjQ>I<e 


0=  S  =0 

o         o/     ^O  O- 

\    /  \    / 

O—  S  — O  -  Pb— O-  S  -O 

/    \  /    \ 

■O         Ov         .o         o 

o  =  s  =  o 


te<(jjj 
Fe<-^^" 


28>Fe-0-S-0-Fe<g{{ 

O      O      O  HH 

S— OK    K-0— S  ^'^ 


JJg>Fc-0\  _/ 


O^   \   O    o^   ^o 

}Jg>  Fe-O- S  ^-Fe  <g{J 

It  is  interesting  to  note  that  although  Kj,  Na^  and  Pb  play  so  small 
a  role  in  the  ahinite-jarositc  molecules,  the  substitution  of  Nag  for  K^ 
is  attended  by  a  marked  variation  in  the  angles  of  the  erystnls, 
greater,  in  fact,  than  is  generally  observed  in  isomorphous  replace- 
ments. That  alunite  and  jarosite  containing  potash  would  be  nearly 
alike  in  their  angles  is  exi>ected,  since  crystals  of  corundum  and 
hematite  are  surprisingly  alike^  as  shown  by  the  following  comparison: 


Axial 
length. 


Corandum,  Al^Oj 1.3630 


Hematite,  Fefi^. 


1.3656 


r  ^ 

r' 

o 

1 

/ 

93 

56 

94 

00 

<•  >v  r 


o         / 

57     34 
57    37 
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The  relations  of  the  minerals  of  the  alunite-jarositc  group  are  as 
follows: 


Alunite 

Jarosite 

Natrojarosite . . 
Plumbojarosite 


Axial 
length. 

r  ^V 

o           / 

c  y^r 

o            / 

1.252 

90    50 

55     19§ 

1.245 

90    45 

55     16 

1.104 

85    54 

51     53 

1.210 

89    42 

54    32 

Bin'fringeiu'e. 

Piwitive. 
Negative. 

Do. 

Do. 


From  the  foregoing  table  it  is  .seen  that  the  8u])stitution  of  sodium 
for  potassium  in  jarosite  has  brought  about  greater  variation  in  the 
angles  of  the  crystals  than  the  substitution  of  the  bivalent  metal  lead 
for  potassium. 

The  three  minerals,  natrojarosite,  plumbojarosite,  and  the  Na-K- 
alunite  from  Red  Mountain,  are  very  interesting  when  studied  together 
as  microscopic  mounts,  the  crystals  being  practically  alike  in  size  and 
development,  and  illustrating  very  beautifully  on  the  one  hand  the 
isomorphism  of  aluminum  and  iron,  on  the  other  the  isomorphism  of 
potassium,  sodium,  and  lead.  The  three  substances  must  have  formed 
under  like  conditions,  and  it  is  believed  that  the}^  are  solfataric  prod- 
ucts, formed  under  the  combined  Jiction  of  heat  and  pressure.  Being 
difficultly  soluble,  they  have  formed,  like  many  precipitates,  as  fine 
crystalline  powders. 

The  three  products  just  mentioned,  when  heated  in  closed  tubes, 
behave  alike;  the}^  suffer  no  change  on  gentle  heating,  but  when  the 
temperature  is  sufficiently  high  to  decompose  the  <'hemical  molecules, 
the  crystals  break  up  into  tine  powder  or  dust,  which  is  carried  along 
by  the  escaping  vapors  and  deposited  for  a  considerable  distance  along 
the  sides  of  the  tubes.  In  addition  to  water,  SOg  and  SO3  are  copi- 
ously given  off  during  decomposition.  In  the  case  of  natrojarosite, 
and  the  same  would  doubtless  hold  true  for  the  Na-K -alunite,  it  is 
found  that  after  ignition  one-fourth  of  the  sulphate  radicle  has  ])cen 
retained  by  the  alkali  metal,  and  may  be  extracted  by  water.  In  the 
case  of  plumbojarosite,  however,  all  of  the  sulphate  radicle  is  expelled 
by  ignition,  doubtless  because  the  ferric-oxide  present  serves  to  decom- 
pose any  lead  sulphate  which  might  have  a  tendency  to  form.  Anglo- 
site,  PbSO^,  when  heated  alone  in  a  closed  tube  suffers  no  decomposi- 
tion, but  when  finely  triturated  with  limonite  and  heated,  acid  water 
is  given  off.  Finely  powdered  natrojarosite  and  plumbojarosite  are 
slowly  but  completel}^  soluble  in  boiling  hydrochloric  acid.  Pluml>o- 
jarosite  when  fused  with  sodium  carbonate  on  charcoal  yields  globules 
of  lead  and  a  coating  of  lead  oxide. 
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It  has  seemed  to  the  writers  best  to  designate  the  new  compounds 
descrilHjd  in  this  article  as  natrojarosite  and  piumbojarosite,  the  names 
signifying  their  relation  to  a  well-known  species.  Other  members  of 
this  group  will  doubtless  be  found,  and  the  name  ''  natroalunite"  might 
]>e  employed  to  designate  the  two  varieties  of  alunite  from  Colorado 
mentioned  on  page  37,  where  the  proportion  of  the  soda  to  the  potash 
molecule  is  7:4.  It  is  highly  probable  that  a  series  of  alunite-jarosite 
compounds  could  be  made  artificially. 

It  is  with  pleasure  that  the  writers  acknowledge  their  indebtedness 
to  Messrs.  Turner  and  Porter  for  calling  attention  to  the  interesting 
compounds  described  in  this  article. 


MINERALS  FROM  THE  CLIFTON-MORENCI  DISTRICT,  ARIZONA. 


By  W.  LiNDOREN  and  W.   F.  Hillebrand. 


In  1902  an  examination  was  made  of  the  Clifton-Morenci  copper 
district  in  Arizona.  Study  of  the  collections  proved  the  presence  of 
several  interesting  minerals,  a  brief  acx*ount  of  which  is  here  given. 
The  copper  deposits  at  Clifton  and  Morenci  consist  partl}'^  of  irregular 
or  tabular  bodies  of  oxidized  ores  in  Paleozoic  limestones,  partly  of 
chalcocite  ores  connected  with  fissure  veins  in  a  granite-porphyry  or 
in  the  same  limestones. 

CORONADITE. 

On  the  dump  of  a  small  shaft  on  the  west  end  of  the  Coronado  vein, 
three-fourths  of  a  mile  west  of  Horseshoe  shaft,  fairly  large  amounts 
of  a  dark  metallic  mineral  were  found  intimately  intergrown  with 
quartz  and  decomposing  into  limonitc.  The  vein  at  this  end  shows  no 
copper  minerals,  but  is  said  to  contain  some  gold,  and  its  surface  ores 
are  reported  to  have  been  worked  in  an  arrastre  in  the  early  days  of 
the  camp.  In  color  this  mineral  is  black  and  its  sti*ucture  is  delicately 
fibrous.  The  hardness  is  about  4  and  the  streak  black  with  brownish 
tinge. 

A  thin  section  proves  it  to  be  opaque,  and  in  reflected  light  its  fibrous 
and  homogeneous  structure  is  well  brought  out.  It  cements  angular 
quartz  grains  and  its  secondary  nature  is  clearly  indicated.  In  gen- 
eral aspect  it  is  not  unlike  psilomelane.  A  preliminary  examination 
showed  that  it  contained  the  oxides  of  lead  and  manganese.  As  it  did 
not  seem  to  correspond  to  any  known  mineral  species,  an  analysis 
was  made,  after  a  partial  mechanical  separation.  The  results  were  as 
follows: 

Long-continued  efforts  to  procure  pure  material  for  analysis  by  the 
use  of  heavy  solutions  were  not  attended  with  success.  The  ultimate 
product  of  specific  gravity,  5^246  at  22^,  yielded  on  decomposition  by 
hydrochloric  acid  a  residue  of  from  6  to  7  per  cent,  which  consisted 
mainly  of  silica,  with  a  small  amount  of  alumina,  etc.  Its  presence 
would  not  have  mattered  much  had  it  been  quite  indifferent  to  acids, 
but  its  partial  solubility,  as  shown  by  the  varying  amounts  undissolved 
on  different  trials,  and  similar  varying  amounts  of  alumina  and  perhaps 
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other  minor  ingredients  found  in  solution,  renders  the  calculation  of 
molecular  ratios  not  altogether  certain  in  all  cases.  The  composition 
as  found  is: 

MnO, "56.13 

MnO 6.56 

PbO 26.48 

ZnO 10 


CuO.. 
MoO, 

AlA 
Fe,0, 


.05 

.34 

ft. 63 

1.01 


H,0 '/1. 03 


Insol.  ami  silica 

CaO,  MgO,  Alk.,  and  lues. 


7.22 
.45 


Total 100.00 

The  material  available  did  not  permit  the  quantitative  determina- 
tion of  the  vanadium,  which  may  be  present  in  rather  more  than  a 
mere  trace,  but  neither  it  nor  the  phosphorus  can  influence  mate- 
rially the  ratios  given  below.  The  vanadium  would  be  eifective  in 
two  ways:  (1)  by  requiring  a  base  for  its  neutitilization,  if  existing  as 
an  acid  constituent,  and  (2)  by  liberating  chlorine  when  acted  on  by 
hydrochloric  acid,  and  thus  alFecting  the  values  found  for  peroxide 
oxygen.  If  the  iron  exists  in  the  ferrous  state,  it  too  would  alFoct 
the  values  found  for  the  peroxide  oxygen,  and  consequently  for  both 
the  oxides  of  manganese.  Assuming  it  to  so  exist  and  applying  the 
proper  corrections,  also  deducting  from  the  lead  oxide  an  equivalent 
for  the  molybdenum,  assuming  its  existence  as  molybdate  of  lead,  the 
following  are  the  results: 


MnO, 56.68- 

MnO 6.11 

PbO 26.96 

FeO 91 

ZnO 10 

CuO 05 

H,0 1.03 


87.0=0.6515 
71.0=  .08611 
222.9=  .1165 
72.0=  .0126 
81.0=  .0012 
79.0=  .0006 
18.0=  .a572 


=3.00 


^0.217=1.00 


=  .264 


a  Mean  of  56.10  and  56.16.    Total  Mn  as  MnO  from  MnSOi,  ^^-^^  P^i"  ^^i*^-    Peroxide  oxyRcn,  10.81 
per  cent. 
b  With  a  little  TiO,,  PjOt,  and  VjOc 
c  state  of  oxidation  not  known. 
ft  Nothing  at  100°,  only  0.14  per  cent  below  200". 
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If  the  mineral  is  to  be  regarded  as  anhydrous,  the  comparatively 
simple  formula  R"  (MuaO^)"  satisfies  the  above  ratio,  and  it  may  be 
written  structurally 

0=Mn""-0 


A 


0=Mn"" 


i 


0=Mn""-0 


in  which  R"=Pb"  or  Mn".  This  is  to  be  regarded  as  a  saturated  salt 
of  one  of  the  numerous  possible  derivatives  of  ortho-manganous  acid 
that  may  be  derived  from  it  by  removal  of  water,  in  the  present  ciuse 
as  follows: 

3H,MnO,  -5H80=H,Mn307 

An  acid  of  the  same  empirical  formula  would  result  by  removal  of 
two  molecules  of  water  from  three  of  metamanganous  acid,  HaMnOg. 

It  is  probably  best  to  rest  for  the  present  content  with  the  above 
relatively  simple  formula  and  to  regard  the  water  found  as  due  to 
incipient  Alteration.  But  if  the  water  is  to  be  considered  as  wholly  or 
in  pail  essential,  and  furthermore  constitutional — and  this  may  very 
well  be  the  proper  view  to  take — then  the  formula  becomes  much 
more  complex,  namely,  R/'H,(Mn,,029),  when  none  of  the  water  is 
allotted  to  the  foreign  matter.  This  formula  is  still  refemble  gniph- 
ically  to  a  more  highl}^  condensed  manganous  acid,  and  a  number  of 
isomers  would  be  possible. 

Such  intricate  formulas  as  this  should  not  cause  the  least  surprise, 
however  unlikely  they  may  at  first  appear  to  be.  The  great  number 
of  manganites  in  varying  degrees  of  saturation  and  hydmtion  observed 
in  nature  and  prepared  artificially,  some  of  them  of  even  greater  com- 
plexity than  the  above,  are  certainly  not  all  mixtures  of  only  a  few 
simply  constituted  molecules.  A  very  short  study  of  the  graphic 
formula  corresponding  to  the  above  empirical  formula  R^^H^CMnigO^^) 
will  show  what  a  vast  number  of  closely  related  bodies  are  theoretic- 
ally producible  by  hydrating  the  molecule  step  by  step  or  by  adding  to 
or  reducing  the  number  of  bivalent  atoms  or  substituting  for  them 
those  of  another  valence.  Similar  varieties  in  great  number  would  be 
derivable  from  other  condensed  manganous  acids  of  both  higher  and 
lower  orders,  and  it  is  plain  that  because  of  the  very  slight  differences 
in  percentage  composition  between  man}^  of  them  it  is  almost  as  hope- 
less to  expect  analysis  to  reveal  the  exact  empirical  formula  in  the 
majority  of  cases  as  it  is  for  the  enormoush^  complex  albuminous 
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bodies  of  organic  chemistry.  This  is  especially  true  because  in  so 
many  cases  the  mineral  manganites  described  are  far  from  being 
homogeneous  species..  They  are  either  mixtures  of  two  or  more  of 
these  closely  related  complex  molecules  or  else  are  contaminated  by 
foreign  bodies.  It  is  not  surprising,  then,  that  so  many  compounds  of 
uncertain  formula  that  may  be  regarded  as  salts  of  manganous  acid 
have  been  prepared  in  the  laboratory  or  are  found  in  nature.  From 
the  known  tendency  of  these  bodies  to  form  under  laboratory  condi- 
tions which  may  very  well  be  repeated  in  their  general  character  in 
nature,  it  is  to  be  expected  that  a  vast  number  of  mineral  manganites 
should  exist,  and  it  ought  rather  to  excite  surprise  than  otherwise  if 
two  or  more  are  not  formed  simultaneously  from  the  same  solution. 
This,  together  with  inherent  difficulties  of  analysis,  would  offer  a 
simple  explanation  of  the  fact  that  so  few  of  the  analyses  made  lead  to 
rational  formulas.  If  formed  from  solution,  their  original  state  might 
well  bo  one  of  hydration  either  as  regards  water  of  crystallization  or 
of  constitution.  The  temperature  at  which  the  wat^r  is  expelled  in 
the  present  case  indicates  constitutional  water. 

Our  search  of  the  literature  has  not  revealed  a  native  manganite 
carrying  a  high  percentage  of  lead,  although  artificial  compounds  have 
been  prepared.  For  this  reason,  and  because  of  its  distinctly  crystal- 
line character,  the  present  mineral  seems  worthy  of  a  specific  name. 
The  one  wc  propose  is  conynadite^  after  the  famous  explorer  of  that 
portion  of  the  American  continent  from  which  the  Territories  of  New 
Mexico  and  Arizona  have  been  formed. 

CIIAIXJOCITE. 

The  cuprous  sulphide  (CujS).is  ver^'^  common  in  the  Clifton  district; 
in  fact,  it  constitutes  at  present  the  principal  valuable  mineral  in  the 
ores.  It  occurs  chiefly  intergrown  with  pyrite,  in  the  altered  por- 
phyry, as  disseminated  grains  or  as  solid  seams  or  veins  which  rarely 
exceed  2  or  3  feet  in  thickness.  It  is  never  crvstallized  but  has  ordi- 
narily  an  carth}^  or  sooty  appeanincc  and  black  color;  scratching  with 
a  knife  reveals  its  scmiseetile  character  and  metallic  luster.  In  a  few 
small  massive  veinlets  the  normal  metallic  luster  and  dark-gray  color 
appear  on  fractures;  a  fibrous  or  columnar  structure  of  the  mineral  is 
known  on  small  seams  in  shale  from  the  Montezuma  mine.  The 
mineral  prefers  porphyry,  and  the  great  bodies  of  ore  now  worked 
all  occur  in  this  rock;  but  it  is  not  entirely  unknown  from  the  irregu- 
lar deposits  in  limestone  generally  carrying  cuprite  and  copper  carbon- 
ates. A  partial  analysis  of  massive  chalcocite  from  the  Montezuma 
mine,  Morenci,  gave  9()  per  cent  Cu^S  and  2.4  per  cent  FeSg,  the  latter 
probably  meclianicjilly  admixed. 

The  chalcocite  is  everywhere,  in  this  district,  a  secondary  mineral 
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formed  })y  tho  replacement  of  pyrite  by  means  of  descending  solutions 
of  eupric  sulphate.  The  deposition  of  the  mineral  was  accompanied 
by  the  formation  of  quartz,  chalcedony,  and  kaolin.  In  the  porphyry 
the  chalcocite  ore  along  the  veins  begins  100  to  200  feet  l>elow  the 
surface  and  continues  to  a  depth  of  400  feet,  or  even  more,  when  it  is 
usually  replaced  by  pyrite,  chalcopyrite,  and  zinc  blende. 

WIIiliEMlTB. 

This  rare  silicate  of  zinc  (Zn,SiO|)  was  found  by  Mr.  Boutwell  in  the 
form  of  very  small  grayish  crystals  on  a  fragment  of  garnet  rock  in 
the  Modoc  open  cut,  on  the  north  side  of  Modoc  Mountain.  These 
crystals  were  identified  by  Messrs.  Pirsson  and  Penfield,  of  Yale  Uni- 
versity, who  state  that  the  stout  hexagonal  piisms  look  exactly  like 
those  from  the  original  locality  at  Morcsnet. 

CAIiAMINE. 

Small  transparent  orthorhombic  crystals  of  calamine  (ZnOH),  SiC), 
wei'c  identified  on  a  specimen  of  decomposed  garnet  rock  from  the 
Shannon  mine,  just  above  the  lime  quarry. 

DIOPTASE. 

The  silicate  of  copper,  dioptase  (HjCuSiOJ  has  been  found  at  only 
a  few  localities.     Very  beautiful  specimens,  which,  however,  arc  by 

no  means  common,  have  long  been  known  from  the 
\  classic  locality,  the  Kirghcsc  Steppes,  Russia,  and 

m\  more  recently  from  the  French  Kongo  State,  Africa. 

--V\  Dioptase  is  seldom  found  in  the  United  States,  the 
"X  \A  only  recorded  occurrences  being  at  the  l^n  Ton 
.-..\'' M     mines,  Chase  Creek,  near  Clifton,  Ariz.,  noted  bv 

\  I     K.  C.  Hills,'*  and  from  near  Riverside,  Pinal  County, 

y       Ariz.,  noted  by  W.  B.  Smith.*     Well  crystallized 

Fig.  3.-Piopta.Ht».         spcciuiens  of   this  mineral  were  found  on  an  old 

dump  of  the  Stevens  group  of  mines,  on  tho  west 
side  of  Chase  Creek,  near  Garfield  Gulch.  They  occurred  in  a  small 
chimney  of  chrysocolla  ore  in  limestone,  now  worked  out,  aiul  the 
locjilitv  is  l>elieved  to  be  the  same  as  that  described  by  Mr.  Hills. 
The  dioptase  crystals  were  submitted  to  Prof.  S.  L.  Penfield,  who 
remarks  on  them  as  follows: 

The  crystals,  uieasuring  from  1  to  2  iiiin.  in  dianietor,  (X't'iir  closely  grouped 
together,  lining  cavitie.s  in  a  brown  ferruginous  gangue  impregnated  with  amorphous 
green  material  which  is  probably  chrysr»colla.  The  color  of  the  dioptase  is  a  In^auti- 
ful  emerald-green.  The  habit  of  the  crystals,  shown  })y  the  accompanying  figure,  is 
that  which  is  most  connnonly  observed  and  is  (^specially  characteristic  for  dioptase*; 
prism  of  the  second  order  <i  (11*20),  terminated  chiefly  by  the  rhondM^hedron  of  the 
first  onler  «  (0221)  and  with  small  faces  of  the  rhond)ohedron  of  the  third  order  r 
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( i;^l ).  As  is  common  on  this  species,  tlie  prismatic  faces  are  vicinal  and  the  s  and  x 
faces  are  striated  parallel  to  their  mutual  intersection  edges;  hence  the  crystals  are 
not  suited  for  giving  accurate  measurements  of  the  angles  with  the  reflin^tion  goni- 
ometer. One  crystal  was  measured,  and  the  a.ngles  of  one  of  the  rhombohe<lral 
zones,  given  below,  are  sufficiently  close  to  the  calculated  values  to  establish  the 

identity  of  the  forms. 

Measured.  Calculated. 

n  X,      1120     1341  =  28°  55^  28*'  48^ 

« 8",      0221     2021  =  83*»  48'  84*'  33' 

s"  a'',    2021     1120  =  48°  18'  47°  43' 

By  crushing  some  of  the  material,  embedde<l  in  oil  under  a  cover  glass,  and  exam- 
ination in  convergent  polarize<l  light,  occasional  fragments  were  found  which  gave 
a  normal  uniaxial  interferenc^e  figure,  with  aumerous  rings  indicating  high  birefrin- 
gence. The  character  of  the  birefringence  was  found  to  be  positive.  Thus  in  all  of 
its  crystal Ipgraphic  and  optical  relations  the  material  studied  is  like  typical  dioptase 
from  other  localities. 

CHRYSOCOLIiA. 

This  mineral  (CuSiOj+nHgO)  occurs  very  commonly  in  the  oxidized 
part  of  the  deposits,  but  does  not,  except  in  some  cases,  constitute  an 
important  ore.  On  the  whole,  it  is  more  abundant  in  the  deposits  in 
porphyry  and  granite  than  in  those  contained  in  limestone.  The  usual 
bluish  green  or  dirty  green  colors  and  conchoidal  fracture  chara<!terize 
it.  It  occurs  in  seams  or  coatings  at  many  of  the  mines — abundantly  in 
the  Mammoth  mine  on  contact  fissure  between  jwrphyry  and  limestone; 
at  several  praspects  on  the  Stevens  group  in  Chase  Creek  near  Gar- 
field Gulch;  in  the  Terazas  fissure  vein  in  porphyry,  near  Metcalf;  at 
the  Metcalf  mines  and  man}'  of  the  prospects  between  that  place  and 
Morcnci;  at  the  Modoc  open  cut,  Morenci.  Technical  analyses  of 
chr^'socolla  ore  from  Terazas  mine  by  the  Arizona  Copper  Company 
gave — 

SiO, 31.65 

CuO 34.90 

II/> 26.30 

AlA 3.80 

Undetermined 3.35 

100.00 

Normal  chr3^socolla  should  have  34.2  per  cent  SiO,,  45.2  per  cent 
CuO,  and  20.5  per  cent  H3O,  but  the  analyses  show  great  divergency, 
many  probably  being  mixtures.  Moreover,  what  has  been  called 
irhrysocolla  probably  includes  two  mineral  species. 

The  optical  characteristics  of  chrysocolla  seem  imperfectly  known. 
Dana  states  that  it  is  cryptocrystalline,  while  many  other  text-books, 
notably  one  issued  in  1902  by  Professor  Miers,  call  it  '^ amorphous." 

In  most  cases  the  mineral  indeed  seems  cryptocrystalline  with  })luish- 
gray  colors  of  interference,  but  this  is  by  no  means  universal. 

Chrysocolla  from  the  Modoc  open  cut  appears  as  mammillary  crusts 
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of  bluish-green  color  on  ''copper-pitch  ore."  The  latter  is  isotropic 
and  undoubtedly  a  distinct  mineral  from  the  chrysocolla,  of  brown 
color  in  varying  tints,  some  of  it  opaque  and  showing  evidence  of 
concentric  deposition.  On  top  of  the  chrysocolla  are  thin  crusts  of 
quartz  and  some  calcite.  The  chrysocolla  has  three  different  struc- 
tuml  forms,  as  seen  under  the  miscroscope:  (1)  The  dominant  mass  is 
a  cryptocrystalline  to  microcrystalline  aggregate  of  particles  with 
high  birefracting  index;  (2)  very  fibrous  and  felted  aggregates  of 
same  substance  giving  undulatory  effects  between  crossed  nicols  and 
medium  high  colors;  (3)  fibrous  ciTists  on  top  of  1,  or  also  in  thin  lay- 
ers between  masses  of  1,  the  individuals  having  such  a  remarkably 
parallel  orientation  that  the  aggregate  of  them  appears  almost  like 
single  crystals  between  crossed  nicols,  with  black  shadows  sweeping 
across  them  when  the  table  is  turned.  The  extinction  is  parallel  to 
the  fibers,  double  refraction  strong,  about  like  augite,  character  nega- 
tive. The  same  optical  characteristics  were  repeatedly  observed  in 
thin  sections  of  chrysocolla  from  Metcalf  and  other  places.  Rcniform 
deposits  were  sometimes  noted,  the  center  of  cryptocrystalline  material 
coated  with  coarsely  fibrous  and  highly  bircfringent  material. 

Sections  from  the  Coronado  and  Metcalf  mineiij  often  showed  pseudo- 
morphsofpyrite  consisting  of  a  shell  of  limonite  with  kernel  of  fibrous 
chrysocolla. 

The  observations  of  Jannettaz*  on  chrysocolla  from  Ik)loo,  Baja 
California,  Mexico,  led  to  the  same  results  as  described  above,  but 
seem  genemlly  to  have  been  overlooked  by  editoi's  of  text-books. 

COPPKU-PITCII  ORE. 

Under  this  old  German  name  is  described  a  dark  brown  to  })lack 
substance,  sometimes  dull  but  generally  with  glassy  to  resinous  lustci*; 
hardness  about  4;  streak  dark  brown.  It  occuVs  among  the  i)rodiU!ts 
of  oxidation  of  the  deposits  in  limestone,  as  at  the  Detroit  and  Long- 
fellow mines  and  Modoc  open  cut  at  Morenci,  and  is  associated  with 
azurite,  malachite,  and  chrysocolla,  often  inclosing  these  niinonils  or 
replacing  in  branching  veinlets,  together  with  azurite,  a  shale-like 
mass,  probably  largely  composed  of  kaolin.  In  thin  section  it  is  some- 
times opaque,  but  often  also  translucent,  gradual  transitions  obtiiining 
in  the  same  section,  and  occurs  in  irregular  or  concretionarv  masses, 
often  containing  small  embedded  crystals  of  a  doubtful  mineral,  pos- 
sibly a  silicate  of  zinc.  Between  crossed  nicols  the  translucent  mineral 
always  proves  entirely  isotropic  and,  except  for  varying  depth  of  color 
and  the  small  cr3'stals  mentioned,  entirely  homogeneous. 

a  Bull.  Soc,  Mill.,  PariH,  vol.  <),  isw;,  ]».  21J. 


h^^ewTand!*]       minerals    FROM   CLIFTON-MORENCI,   ARIZONA.  49 

A  rough  preliminary  analysis  of  selected  pitch  black  material  from 
the  Detroit  mine  gave 

CuO 28.6 

ZnO 8.4 

MnO, 21.2 

FeA-f  AlA+P/>5  4.0 

Insoluble  in  HCl 22. 8 

Ignition  loss  16.3,  less  oxygen  due  to  conversion  of  MnO,  to  MujO^.  13.  7 

98.7 

Similar  material  surmounted  by  crusts  of  chrysocolla  from  the 
Modoi'  open  cut  contained  much  MnO^,  with  a  good  deal  of  CuO  and 
ZnO,  and  is  thus  evidently  the  same  substance.  Manganese  is  largely 
but  not  certainly  wholly  present  as  MnOj.  The  insoluble  portion 
consists  of  silica,  is  wholly  sepai*ated  b}^  acid  without  need  of  evapo- 
ration, and  is  nearly  all  soluble  in  dilute  potassium  hydroxide.  It  is 
not  possible  to  say  whether  silica  is  in  combination  or  as  opal,  bat  it 
can  not  be  present  in  any  other  form. 

Most  of  these  copper-pitch  ores,  known  from  many  districts,  have 
been  described  as  impure  chrysocolla.  As  shown  by  the  optical  char- 
acteristics, they  are  not,  however,  a  mixture,  and  they  certainly  do 
not  contain  any  chrysocolla,  the  characteristics  of  which  are  very 
different.  They  probably  represent  a  series  of  closely  related  com- 
pounds, the  chemistry  of  which  has  not  yet  been  fully  elucidated. 
Prof.  G.  A.  Koenig"  describes  a  similar  mineral  with  the  same  iso- 
tropic character  from  Bisbee,  and  names  it  melanochalcite.  Its  com- 
position is  different,  since  it  contains 

CuO 76.88 

SiO, 7.80 

CO, 7.17 

H,0 7.71 

ZnO 41 

Fc8, 07 

100.04 

Professor  Koenig  considers  it  most  probably  a  basic  salt  of  an  ortho- 
silico-carl)onic  acid.  No  carbon  dioxide  was  found  in  the  Morenci 
minerals.  In  conclusion  it  would  seem  that  the  chemistry  of  these 
copper-pitch  ores  would  bear  further  examination. 

MORENCITE. 

In  a  lime  shale  on  the  intermediate  level  of  the  Arizona  Central 
mine,  Morenci,  200  feet  below  the  surface,  brownish  or  greenish 
spreading  mases  were  found,  containing  brownish  yellow,  silky  fibrous 
seams.     The  inclosing  material  consists  largelj'^  of  the  same  material 

a  Am.  Jour.  Sci.,  ser.  4,  vol,  H,  Dec,  1902,  p.  401, 
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as  the  scams,  but  impure  and  mixed  with  a  little  chlorite  and  pyrite. 
The  whole  bears  evidence  of  being  a  product  of  oxidation  of  some 
contact  metamorphic  mineral. 

The  fibrous  mineral  on  the  seams  forms  a  felted  aggregate  as  seen 
under  the  microscope,  but  it  is  well  individualized  and  contains  few 
impurities  except  a  little  pyrite  and  chlorite.  The  minute  fibers  are 
brownish  yellow  and  slightly  pleochroic,  being  darker  when  parallel 
to  the  principal  section  (opposite  the  behavior  of  biotite);  the  bire- 
fringence is  strong  and  extinction  strictly  parallel  to  the  fibers.  No 
mineral  corresponding  to  this  has  been  described,  but,  although  its 
individual  character  is  beyond  doubt,  the  analysis  does  not  lead  to  a 
satisfactory  formula.  The  material  for  the  analysis  was  picked  out 
carefully  under  the  lens  and  examined  under  the  microscope  it  proved 
satisfactorily  pure. 

The  analysis  afforded  the  results  of  the  first  column  of  figures  below. 
In  deducing  the  molecular  ratios  of  the  second  column  there  has  been 
deducted  sufficient  lime  to  form  apatite  with  the  phosphoric  oxide. 


SiO, 45.74 

TiO, trace 

AlA 1-98 

FeA 29.68 

FeO 

MnO 

CaO 

MgO 

K,0 

Na^O 

HjO105° 

II.,0  150° 

HjO  below  redness 

Hj^)  redness 

CiiO 

FeS, 

PA 


757 

019 
186 
Oil 


Molecular  ratio6. 
=  10.  71  or  11 


|205  =     2. 


90  or   3 


027 

100 

002 

OOIJ 

491 

282 


\Ul  =    2. 00  or   2 


=     6. 96  or    7 


=     3.  99  or   4 


83 

trace 

1.61 

3. 99 

20 

10 

8. 84 

121 

4.27 

69 

little 

66 

18 

98.89 

It  would  seem  from  the  temperatures  at  which  the  water  is  driven 
off  that  this  must  exist  in  two  conditions,  and  that  four-elevenths  of 
it  must  be  held  more  securely  than  the  remaining  seven-elevenths. 
The  attempt  to  account  for  four  molecules  of  water  as  constitutional, 
however,  led  to  no  simple  or  seemingly  probable  formula,  whereas  if 
all  water  is  excluded  the  ratio  is  that  of  a  metasilic4ite — R'\W\ 
(SiOg)",,.  On  the  other  hand,  to  include  the  whole  of  the  water  as 
essential  to  the  silicate  molecule,  for  which  there  is  little  ground  in 
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view  of  the  ease  with  which  most  of  it  is  expelled,  leads  to  an  ortbo- 
sUicate  ratio— R'„R",R'"e  (SiOJ""„. 

On  the  whole,  considering  also  the  bad  summation  of  the  analysis, 
it  is  more  rational  to  regard  the  mineral  as  a  hydration  product  of  an 
original  metaisilicate  molecule  than  to  attempt  to  construct  a  complex 
formula  which  could  have  but  a  verv  doubtful  value.  As  the  mineral 
is  not  a  mixture,  but  is  optically  well  individualized,  we  have,  after 
some  hesitation,  thought  best  to  designate  it  by  the  name  niorencite^ 
derived  from  the  locality  in  which  it  was  found. 

lilBETHENITE. 

This  hydrous,  basic  phosphate  of  copper  (HjCu^PjOjo)  was  found  30 
feet  below  the  adit  level  of  the  Coronado  Ipde,  in  the  main  shoot.  It 
is  a  matter  of  interest  to  record  its  occurrence,  for  this  rare  mineral 
has  never  before  been  noted  in  the  United  States.  It  occurs  in  small 
crystals,  less  than  1  mm.  in  length,  deposited  in  cavities  and  seams  in 
a  quartzite  gangue.  The  mineral  was  identified  by 
Prof.  S.  L.  Penfield,  who  also  kindly  measured  and 
figured  the  crystals.  Professor  Penfield  describes 
the  occurrence  as  follows: 

The  only  associated  minerals  are  occasional  clusters  of  mi- 
nute quartz  crystals  and  small  tufts  of  radiated  malac^hite 
needles.  The  color  of  the  libethenite  varies  from  li^ht  to 
dark  olive-green,  depending  upon  the  size  of  the  crystals. 
The  habit  of  the  crystals,  as  shown  by  the  accompanying 
illustration,  is  a  combination  of  the  prism  m  (110)  and  brachy- 
dome  e  (Oil),  which  is  exactly  like  that  commonly  observed 
on  libethenite  from  foreign  localities.    On  an  occasional  crystal 

the  brachypinacoid  6  (010)  was  also  observed.  Although  the  crystals  are  brilliant, 
the  faces  are  generally  vicinal  and  give  uncertain  or  multiple  reflections  of  the 
goniometer  signal.  The  best  reflections  were  obtained  from  the  faces  of  the  dome  f, 
and  three  measurements  of  c  e',  Oil  OTl  gave  69*»  52^  70°  18^  and  70°  14^  The 
last  measurement,  obtained  from  the  best  reflections,  is  close  to  the  value,  70°  8', 
obtained  by  Rose.  The  best  measurements  of  the  prismatic  angle  gave  m  >^  m^^  \ 
110  ^  110=87°  11^,  which,  considering  the  vicinal  character  of  the  prismatic  faces, 
is  reasonably  close  to  the  value  of  Rose,  87°  40^,  as  given  in  Dana's  Mineralogy. 
A  small  crystal  resting  on  a  prismatic  face,  when  examined  in  convergent  |X)larized 
light,  showed  an  optical  axis  nearly  in  the  center  of  the  field,  with  the  dark  bar 
running  at  right  angles  to  the  vertical  axis,  thus  indicating  that  the  optical  axes  are 
in  the  plane  of  the  base,  as  determined  by  Des  Cloizeaux.  The  presence  of  copper, 
water,  and  phosphoric  anhydride  was  determined  by  chemical  tests. 

A  more  detailed  search  would  probably  reveal  small  quantities  of 
phosphates  from  other  mines  near  Morenci.  They  arc  certainly  not 
abundant. 


Fig.  4.— Libethenite. 
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BROCHANTITE. 

This  basic  sulphate  of  copper  (H^Cu^SOio)  is  usually  supt)osed  to  be 
one  of  the  rarer  luinei'als.  It  was,  however,  discxjvered  at  a  few  places 
near  Metcalf  and  Morenci,  in  well-developed  crystals,  and  this  led  to 
a  systematic  microscopic  examination  of  the  green  ores,  hitherto  sup- 
posed to  be  malachite.  The  result  was  surprising,  as  the  mineral  was 
proved  to  be  of  extremely  common  occurrence,  mostly  intergrown 
with  malachite,  which  had  effectively  masked  its  presence.  It  is 
believed  that  a  careful  examination  of  manv  so-called  malachites  from 
other  districts  will  disclose  the  overlooked  importance  of  brochantite 
as  a  copper  ore. 

Brochantite  is  frequently  crystallized  in  the  short  but  stout  rhombic 
prisms  combined  with  dome  and  brachypinacoid  characteristic  of  the 
species.  Needle-shaped  and  flat  crystals  are  more  rare.  The  crystals 
are  usually  of  small  size  and  frequently  microscopic.  It  occurs  as 
lighter  or  darker  emerald-green  cinists  on  limonite  or  sericitized  por- 
phyry from  the  red  ore  body  in  the  Shannon  mine,  from  the  Metcalf 
mines  and  many  other  places;  as  fine-grained  aggregates  in  altered 
porphyry  at  the  Shannon  mine,  near  the  surface,  constituting  valu- 
able ore  with  as  much  as  30  per  cent  copper;  from  croppings  of  the 
King  vein,  filling  seams  and  coating  porphyry  fragments  as  flat  pieces 
or  even  foils  with  almost  pearly  luster;  from  the  croppings  of  the 
Copper  Queen  mine  between  Morenci  and  Metcalf,  here  as  flat  stellar 
aggregates  of  bhiish  green  foils;  at  many  places  near  Morenci,  as,  for 
instance,  Copper  Mountain  and  Montezuma  mines,  at  the  latter  locality 
replacing  chalcocite.  It  would  probably  not  be  found  absent  from 
any  mine  in  the  district  containing  oxidized  copper  ores.  Malachite 
often  develops  later  than  the  brochantite. 

On  the  whole,  the  mineral  is  most  abundant  in  fissure  veins  in  por- 
phyr}^  though  also  occurring  in  the  irregular  deposits  in  limestone. 

Brochantite  has  an  excellent  cleavage  parallel  to  the  brachypinacoid. 
The  macropinacoid  is  the  axial  plane  and  the  acute  bisectrix  is  seen 
emerging  in  cleavage  foils.  Pleochroisin  very  slight.  Birefringence 
much  lower  than  malachite,  alx)ut  equal  to  that  of  augite.  This,  as 
well  as  the  absence  of  twins,  distinguishes  brochantite  from  malachite. 
The  reaction  for  sulphuric  acid  is  of  course  a  valuable  aid. 

8PANGOI.ITE. 

This  peculiar  mineral  (HjgCugAlCISOi^),  essentially  a  highly  basic 
chloro-sulphate  or  copper  and  aluminum,  was  discovered  and  described 
by  Prof.  S.  L.  Penlicid"  about  fifteen  years  ago.  The  specimen  came 
from  some  point  within  200  miles  of  Tombstone,  Ariz.,  and  probably 
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from  one  of  the  great  copper  camps  of  the  Territory.  Somewhat  later 
it  was  identified  by  Prof.  H.  A.  Miers  on  two  specimens  from  Corn- 
wall, England,  but  the  American  locality  has  not  yet  been  found.  It 
is,  therefore,  a  matter  of  interest  to  record  its  discovery  on  some  speci- 
mens from  the  Metcalf  mine  of  the  Arizona  Copper  Company,  taken 
from  the  workings  in  the  great  open  cut  not  more  than  100  feet  below 
the  surface.  These  specimens  consist  of  white  sericitized  granite- 
porphyry,  in  part  silicified,  and  traversed  by  veinlets  and  irregular 
masses  of  cuprite;  the  cuprite  contains  native  copper  and  is  covered 
by  crusts  of  malachite,  brochantite,  and  chrysocolla.  A  soft  and  scaly 
bluish-green  coating  on  the  chrysocolla  proved  to  consist  of  microscopi- 
cal hexagonal  crystals  or  cleavage  foils,  remaining  dark  between  crossed 
nicols.  The  mineral  was  identified  as  spangolite,  a  determination  in 
which  Professor  Penfield  concurred.  No  measurable  crystals  were 
found,  and  the  mineml  is  very  inconspicuous.  It  is  difficult,  if  not 
impossible,  to  obtain  material  entirely  free  from  other  minerals. 

Selected  bluish  flakes  from  this  specimen  gave  tests  for  water,  and 
the  sulphate  and  chlorine  ions,  besides  copper.  There  was  too  little 
of  this  pure  material  to  permit  of  a  test  for  alumina,  but  the  mixed 
copper  minerals  composing  the  greater  part  of  the  specimen  showed 
the  presence  of  this  body.  It  seems  therefore  probable  on  these 
grounds  alone  that  the  bluish  flakes  are  spangolite.  Vanadium,  phos- 
phorus, and  arsenic  are  absent. 

The  closed-tube  reactions  of  the  mixed  copper  minerals  are  very 
striking.  Water  is  given  off  first.  Then  appears  suddenly  a  white 
sublimate  (AlCl,?)  near  the  assay,  which  seems  to  form  or  at  once 
change  to  minute  colorless  drops.  This  deposit  can  be  driven  slowly 
up  the  tube,  followed  at  its  lower,  sharply  defined  edge  by  dark  yellow- 
brown  drops  (CuCljif),  which  on  cooling  solidify  to  greenish  crystal- 
line aggregates,  and  the  part  of  the  tube  between  them  and  the  assay 
shows  under  the  lense  delicate  feathery  crystallizations  like  frost  mark- 
ings on  window  panes.  Down  in  the  flame  the  glass  becomes  colored 
red  (CujO?)  and  in  parts  yellow.  On  charcoal  the  blowpipe  flame  is 
colored  azure  blue  and  at  the  same  time  green. 

In  order  to  compare  the  above  closed -tube  behavior  with  that  of 
undoubted  spangolite,  a  small  fragment  of  the  latter,  offered  by  Pro- 
fessor Penfield,  was  tested.  It  gave  water  and  then  a  white  sublimate 
like  the  one  above  mentioned,  followed  by  a  dark  olive-brown  liquid, 
which  on  cooling  passed  through  lighter  shades  of  color  and  solidified 
as  a  bright  green  ring.  In  general  this  behavior  is  very  like  that  of 
the  mixture  under  examination  from  Clifton. 

GKRIIAUDTITE. 

The  cliffs  of  granite-porph3'^ry  in  the  deeply  eroded  Chase  Creek 
Canyon  at  Metcalf  in  man}'  places  show  a  conspicuous  and  extensive 
bright  green  coating  of  some  copper  luineYaV^  v?\i\Q\\.»  wc>  ^q>\3\>X.^  \% 
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formed  by  the  trickling  of  atmospheric  waters  over  and  through  rocks 
containing  a  small  percentage  of  copper.  This  is  not  surprising^  for 
porphyry  in  this  vicinity  is  altered  throughout  by  quartz  cementation 
and  disseminated  cupriferous  pyrite.  This  "green  paint,"  as  it  is 
frequently  called,  is  not  soluble  in  water,  and  more  closely  examined 
consists  of  small  dark-green,  roughly  mammillary  forms,  coating  the 
rock  to  a  thickness  of  a  few  millimeters.  Examination  by  the  micro- 
scope fails  to  reveal  any  recognizable  mineral  in  the  cry ptocrystal line 
mass. 

Chemical  examination  led  to  the  interesting  result  that  the  copper 
minerals  present  consist  of  a  nitrate  and  a  chloride,  neither  of  which 
has  been  found  elsewhere  in  the  mines  of  the  district.  Detrital  grains 
and  some  silica  seem  associated  with  these  compounds.  The  nitrogen 
seems  difficult  to  account  for  in  the  absence  or  scarcity  of  animal  sub- 
stances which  might  have  yielded  it.  Possibly  it  is  contained  in  the 
porphyry. 

The  closed-tube  reactions  of  the  copper  minerals  forming  the 
mixture  on  this  specimen  are  as  striking  in  their  way  as  those  of 
the  mixture  containing  spangolite,  described  elsewhere.  Water  first 
appears,  then  brownish  nitrous  vapors,  followed  by  a  sublimate  which 
is  not  very  volatile,  becomes  black  on  further  heating  but  on  cooling 
yellow-brown.  The  glass  at  the  bottom  of  the  tube  is  often  yellow- 
brown  when  cold.  After  some  hours  the  sublimate  nearl}'  disappears 
or  becomes  greenish  from  absoi'ption  of  water.  If  the  water  which 
condenses  in  the  upper  part  of  the  tube  on  first  applying  heat  is  driven 
out  b}'  the  flame,  and  the  mouth  of  the  tube  is  held  in  the  flame,  this 
is  colored  deep  green  by  a  volatile  copper  compound  (chloride?).  On 
charcoal  the  flame  is  azure  blue  and  at  the  same  time  green.  Vana- 
dium is  absent. 

The  mixture  contains  presumably  the  basic  nitrate  gerhardtite 
(HjCu^N^Oig)  and  a  chloride  which  is  perhaps  atacamite.  Spangolite, 
the  chloride,  can  hardly  be  present,  for  the  slight  amount  of  SO,  shown 
by  test  does  not  seem  sufficient  to  account  for  the  large  amount  of 
chloride. 

The  only  place  from  which  gerhardtite  has  previously'  been  identilied 
is  at  Jerome  mines  in  the  central  part  of  Arizona,  associated  with 
cuprite  and  mala(*hite.  It  was  discovered  there  by  Messrs.  H.  L.  Wells 
and  S.  L.  Penfield. 


TWO  TELLURIUM  MINERALS  FROM  COLORADO. 


By  W.  F.  HiLLEBRAND. 


1.  EMMON8ITE  (?)  FROM  A  NEW  liOCAIilTY. 

Messrs.  F.  L.  Kansomc  and  Waldemar  Lindgren,  of  the  Geological 
Survey,  collected,  in  the  W.  P.  H.  mine  at  Cripple  Creek,  a  green  min- 
eral which  has  been  observed  in  other  mines  there,  and  which  on  exami- 
nation in  the  laboratory  showed  close  resemblance  to.  the  emraonsite 
described  by  the  writer  nearly  twent}'  years  ago.''  It  differed  from 
it,  however,  in  outward  appearance  by  assuming  mammillaiy  forms 
instead  of  crystalline  plates.  In  its  optical  properties,  so  far  as  thc}^ 
were  determinable,  there  is  perhaps  no  positive  disagreement  with 
those  reported  for  emmonsite.     Mr.  W.  T.  Schaller  reports  as  follows: 

There  are  two  cleavages,  one  paralleil  to  6(010)  and  another  parallel  to  a  form  in 
the  orthozone.  Axial  plane  parallel  to  6(010).  Bx,  perpendicular  to  a  cleavage  face 
in  the  orthozone.  The  extinction  on  the  clinopinacoid  is  indineil  25°  to  30°  to  the 
vertical  axis.  2E  is  approximately  40°.  Double  refraction  medium,  and  the  min- 
eral nonpleochroic. 

The  gangue  in  which  the  specimens  were  found  is  gmnite  and  schist, 
close  to  their  contact  with  a  porphyritic  breccia,  in  a  vein  pocket,  at  a 
distance  of  about  150  feet  from  the  surface.  Associated  with  it  was 
very  rich  native  gold  ore  and  also  tellurite,  though  neither  of  these 
was  apparent  on  the  few  specimens  that  came  to  the  laboratory. 

Like  emmonsite,  the  mineral  melts  at  a  low  heat  to  a  red-brown  liquid, 
but,  unlike  it,  gives  on  stronger  heating  only  tellurous  oxide  with  no 
trace  of  selenium  or  selenious  oxide.  Analvsis  confirmed  the  a})sence 
of  selenium.  Its  density,  too,  differs  from  that  of  emmonsite,  if  the 
determinations  in  both  cases  on  scanty  material  are  to  })e  depended 
on.  After  allowing  for  gangue,  the  original  emmonsite  was  judged  to 
have  a  density  of  at  least  5,  while  that  of  the  present  mineral  is  but 
little  above  4.53,  after  allowing  for  24.44  per  cent  of  gangue,  consist- 
ing mainly  of  (juartz,  and  to  which  the  specific  gravity  of  quartz  was 
assigned. 

In  its  appearance  the  present  mineral  would  seem  to  resemble 
durdenite  more  than  emmonsite,  but  the  marked  difference  in  water 


a  Proc.  Colorado  S<;i.  Soc.,  vol.  2,  p.  20,  1885. 
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content  differentiates  it  sharply  from  that  luiueml,  durdenite  yielding 
over  10  per  cent. 

After  deducting  22.44  per  cent  of  gangue  containing  over  90  per 
cent  of  silica,  three  portions  of  from  0.15  to  0.20  gram  net  weight 
each  gave  the  following  results: 


} 

1. 

70. 83 
22.  67 

4.(58 

2. 

71.80 
22.81 

3. 

Mciifi. 

Ratios. 

TeOj 

Fe-0, 

( 

70.20 

22.79 

.21 

70.  71 
22.  76 
.21 
4.54 
.34 
.56 
.88 

3.16 
1.00 

HoOat  100° 

H,0  above  100° 

P.Or 

4.82  Ij 

1.77 

.34 

.58 

Al.O, 

.54 

SiO».  etc.« 

..........| 

" 

100.00 

• 



nlncludein  alkalies,  traces  of  magnesia  and  gold,  and  a  small  amount  of  a  metal  or  metals  precipi- 
tablc  by  hydrogen  sulphide  whose  identity  could  not  be  established. 

Allowing  the  alumina  to  offset  the  PjOj,  though  it  may  belong  to 
a  soluble  silicate  or  to  the  tellurite,  and  a  small  portion  of  iron  be 
demanded  for  the  PjO^,  the  ratios  given  in  the  final  column  result. 
The}^  are  as  unsatisfactory  as  those  afforded  b}^  the  original  emmons- 
ite,  which  were  for  FcgOj  to  TeO^,  1:3.65  in  the  original  description 
and  1:3.75:1.82  for  FcgOj : TeO^j : HgO  if  the  supplementary  determi- 
nations in  Am.  Jour.  Sci.,  vol.  40,  p.  81, 1899,  are  accepted.  The  pres- 
ence of  tellurite  in  association  with  the  green  mineral  suggests  a  possible 
explanation  of  the  failure  to  obtain  a  simple  ratio,  though  such  con- 
tamination was  not  noted  in  the  material  analyzed  nor  on  the  neigh- 
boring gangue.  If  this  explanation  is  correct,  however,  the  variation 
from  the  original  emmonsite  ratio  becomes  still  more  marked.  Pro- 
visionally, the  mineral  may  be  regarded  as  emmonsite. 

The  above  results  are  given  in  some  detail,  notwithstanding  their 
inconclusiveness,  because  of  the  importance  of  accumulating  data 
regarding  the  as  yet  small  but  interesting  group  of  ferric  tellurites, 
and  inciting  collectors  and  mining  men  to  careful  search  for  and  pres- 
ervation of  further  material  for  more  extended  study. 

Thus  far  emmonsite,  durdenite,  and  an  unnamed  mineml  from 
Cripple  Creek,  described  by  Knight  in  Proc.  Colorado  Sci.  Soc, 
vol.  5,  p.  ^^^  and  affording  likewise  unsatisfactory  ratios,  comprise 
the  list  of  natui*al  ferric  tellurites,  the  formula  of  no  one  of  which  can 
be  regarded  as  established  beyond  question. 
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2.  TKTRADYMITE. 

Specimens  received  in  the  Survey  laboratory  from  Mr.  11.  B.  Trader 
and  said  to  come  from  some  locality  near  Whitehorn,  Fremont  County, 
proved  to  be  tetradymite.  They  showed  the  mineral  in  masses  of 
considerable  size,  which,  although  manifesting  the  eminent  cleavage 
of  tetradymite,  were  devoid  of  distinct  evidences  of  crystal  form. 
The  specific  gravity  at  20^  C.  was  7.816.  Analysis  afforded  the  fol- 
lowing results: 
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NOTES  ON  LAWSONITE. 


By  W.  T.  ScHALLER  and  W.  F.  Hillebrand. 


Crystals  of  lawsonite  are  very  simple  in  their  combinations,  the 
common  forms  being  the  prism,  base,  and  brachydome.  Two  habits 
occur — tabular  crystals  with  {OOl}  and  {110}  and  crystals  with  the 
forms  {110}  and  {Oil}.  The  brachypinacoid  and  the  brachydome  {041} 
also  occur.  A  large  number  of  crystals  from  the  t^-pical  loc*ality  in 
Marin  County,  Cal.,  were  collected  by  the  writer  and  carefully  exam- 
ined with  a  hand  lens  for  any  additional  forms.  Only  two  new  forms 
were  detennined. 

The  forms  observed  on  the  six  (crystals  measured  are: 


^.=0     =001 

/>=:0x  =010 
7>i  =  'X:     =110 
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=  3= 


Oil 
041 
221 
331 


The  angles  measured,  with  those  culoulatcd  for  these  forms,  are 
quoted  in  the  table  following: 
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The  new  pyramid  '/•=2={22l}  is  preaent  on  two  crystals,  the  faces 
giving  good  reflections.  Fig.  1  shows  one  crystal  on  which  this  form 
ocours. 

The  new  pyramid  «=3={33l}  is  present  on  only  one  crystal  and 
but  one  face  of  the  form,  occurs.  The  relative  size  of  the  face  is 
alK)ut  the  same  as  that  of  the  preceding  pyramid.  The  reflection  was 
fair. 

The  bi-achydomes  are  usually  deeply  striated,  rendering  it  difficult 
to  determine  with  certainty  any  domes  present.  On  two  crystals 
reflections  were  obtained  from  two  faces,  measurements  of  which 
agree  with  the  angles  calculated  for  the  form  {034}.  The  form  is 
rather  uncertain  and  is  not  included  with  the  others. 


Measured. 
♦  P 

0*»  0(K    28*»  07^ 


—  14' 


Calculated. 
♦  P 

0**  W     28*>  W 


The  combinations  observed  on  the  crystals  measured  are  shown  in 
the  following  table: 
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Fig.  5. — LawBonite. 


The  following  table  is  a  calculation  of  the  two  new  forms  corre- 
sponding to  the  tables  given  in  Goldschmidt's  Winkeltabellen. 
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,  j^^uterial  carefully  purified  by  the  Thoulet  solution  followed  Igf 
refwated  electromagnetic  extraction,  and  having  then  a  specific  gravity 
of  3.121  at  25^,  gave  the  following  results  on  analysis:® 


SiO, 

TiO, 

AlA 

Fe^Os 

FeO 

MnO 

CaO 

MgO 

K,0 

Na,0 

H,0  (ignition) 

Total... 


38.45 
.38 

31.36 

.86 

.10 

faint  tr. 

17.52 
.17 
.23 
.06 

11.21 


Molecular 
ratio. 


1.98 


100.33 


} 


.97 


1.00 


1.95 


Calculated  for 

the  formula 

HfCaAlfSttO,,). 


38. :« 


32.44 


17.80 


11.42 


100.00 


Titanium  is  not  considered  in  the  ratio  because  probably  present  as 
an  inclusion  of  rutile  or  titanite.  If  the  latter,  the  ratio  would  per- 
haps approximate  still  more  closely  to  the  theoretical  than  it  does. 
The  agreement  with  the  formula  deduced  by  Ransome  and  Palache 
from  their  rather  widely  differing  analyses  is  very  satisfactor3\  The 
behavior  of  the  mineral  before  the  blowpipe  is  somewhat  different 
from  that  given  b}'  those  authors,  or  rather  their  statement  needs 
amplitication.  On  first  applying  the  flame  a  splinter  appears  to  fuse 
easily,  as  stated,  and  there  is  formed  a  blebby  glass,  or  on  larger 
splinters  a  porous  sinter,  but  this  fusing  is  only  momentary,  and  it 
requires  the  highest  heat  attainable,  under  which  the  fragment  emits 
quite  an  intense  light,  to  produce  a  further  softening  and  rounding  of 
the  edges.  If  a  leather  large  splinter  is  held  in  the  flame  of  the  blow- 
pipe, or  in  a  small  flame  of  a  blast  lamp,  a  very  sudden  and  marked 
exfoliation  is  observed,  but  even  the  extruded  points  and  edges  do  not 
fuse  completely  in  the  highest  attainable  heat.  The  semif used  surface, 
however,  appears  dark  on  cooling,  sometimes  nearly  black  where  the 
heat  was  most  intense.  In  producing  this  exfoliation,  if  care  is  taken 
to  apply  the  flame  but  for  a  moment,  it  has  been  noticed  that  a  singu- 
larly shaped  excrescence  may  shoot  out  from  a  point  of  the  surface. 


a  Concerning  this  purified  material,  Doctor  Ransome  reports  an  follows: 

"I  should  say  the  material  is  as  pure  as  it  is  possible  to  get  it.    The  grains  are  nil  lawsonite.  but 

vary  in  individual  purity.    Some  are  perfectly  clear.    Others  have  minute  inclusions,  which  appear 

in  most  cases  to  be  solid  jwirticles  but  are  too  minute  for  identiticatiun.    One  of  thi-m.  however,  was 

suggestive  of  rutile.    Some  of  the  grains  are  slightly  clouded  with  a  yellowish  stain  which  the  micro- 

scope  is  unable  to  resolve  into  dLstinct  particles.    There  are  apparently  u  few  fluid  inclusions  also."' 


THE  COMPOSITION  OF  YTTRIALITE,  WITH  A  CRITICISM  O^^HE 

FORMULA  ASSIGNED  TO  THAL^NITE.  >  • 


By  W.  F.  HiLLEBRAND. 


In  a  paper  describing  the  new  yttrium  silicate  thaldnite,^  the  author, 
C.  Benedicks,  casts  doubt  on  the  formula  assigned  by  Hidden  and 
Mackintosh*  to  their  mineral  yttrialite  from  Llano  County,  Tex.,  for 
which  they  deduced  the  formula  R2052SiOj  or  RjSijO^,  in  which  11,0, 
includes  the  sesquioxide  equiv^alents  of  very  considerable  percentages 
of  monoxides  and  dioxides.  Benedicks  would  assign  yttrialite  to  a 
group  of  which  rowlandite  is  the  prototype  and  to  which  he  believes 
thal^nite  and  kainosite  belong,  these  being  either  plain  basic  salts  of 
H^SigO;  of  the  type  R"R"\Si^0i5  or  derivatives  in  which  the  fifteenth 
ox3^gen  atom  is  replaced  by  its  equivalent  in  fluorine  (rowlandite)  or 
COj  (kainosite),  as  shown  below. 


Y-Si,0,-Y\ 
H,<               >0 
Y-Si.O,-Y/ 

Thal^nite. 

Y-SiA-Y\ 
Fe<                >0 
Y-SiA-Y/ 

Yttrialite. 

Y-8iA-Y    Fl 

Fe< 

Rowlandite. 

Y-SiA-Y    FI 

Ca     SiA-Y\ 
H.<                >CO, 
Ca     SiA-Y/ 

Kainosite. 

Benedicks  savs: 

Dem  Yttrialit,  von  Hidden  and  Mackintosh  beschrieben,  sollte  die  Formel  RjO,, 
2Si02  zukommen,  worin  R  haupteachiich  Ytter-  und  Thorerde  ist.  Dabei  wird  aber 
ca.  4%  Eieenoxydul  in  der  Analyse  vemachlassigt.  Wird  dies  nebet  etwas  Kalk  und 
Bleioxyd  mitgerechnet,  so  bekommt  man  die  Formel  Fe^'^'O,  2R2O8,  4SiOj,  analog 
mit  der  des  Thal^nite,  welche  besser  die  Zusammensetzung  des  Yttrialite  wiedergtbt, 
obgleich  die  Ubereinstimmung  gar  nicht  gut  ist. 


a  Bull.  Qeol.  Inst.  Upsala,  4, 1898, 1. 
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It  is,  however,  not  true  that  Hidden  and  Mackintosh  neglected  to 
take  account  of  the  ferrous  iron,  etc.,  of  their  analysis.  It  was 
regarded  in  the  derivation  of  their  empirical  formula  R^SijO-,.  How 
wholly  unwarranted  was  the  substitution  by  Benedicks  of  his  formula 
for  yttrialite  is  shown  by  the  molecular  ratio  for  RO:  RjO,:  SiO„  which 
he  gives  as  1:2:4  instead  of  1:3.25:7.42,  as  calculated  by  me  from 
Mackintosh's  figures,  wherein  for  a  sound  reason  I  have  converted  his 
UO,  into  U0„  thus  throwing  it  with  the  ThO^^  where  it  naturally 
belongs.    The  agreement  is  indeed  ^^gar  nicht  gut" 

Benedicks  has  made  the  grave  mistake  of  counting  Mackintosh's 
monoxide  bases  a  second  time,  thus  making  a  basic  salt  K^R'^^  Si^O,, 
instead  of  the  normal  one  R'"^  Si^Oi^,  to  which  Mackintosh's  results 
closely  conform. 

DISCUSSION  OF  BENEDICKS'S  FORMUIiA  FOR  TUAIil^NITE. 

Moreover,  in  the  light  of  the  data  furnished  by  Benedicks  himself 
it  can  not  be  admitted  that  the  formula  H^Y^Si^Ois  for  thal^nite  is 
established. 

Water  was  determined  by  him  according  to  Penfield's  method,**  but 
without  any  hint  as  to  the  particular  modification  employed.  If,  as 
seems  probable,  the  water  expelled  from  the  mineral  was  caused  to 
recondense  in  the  cooler  part  of  the  ignition  tube,  the  latter  being 
then  weighed,  and  again  after  driving  the  condensed  water  out,  two 
serious  sources  of  error  have  to  be  considered:  (1)  The  CO,  present  in 
the  mineral,  which  would  count  in  part  as  water  unless  a  ver}'  careful 
correction  was  made,  as  provided  for  b}^  Penfield.  No  mention  is 
made  by  Benedicks  of  any  such  correction.  (2)  Nitrogen  and  helium 
are  said  to  comprise  1.4  per  cent  of  the  mineral  by  weight.  If  so, 
these  would  introduce  an  error  in  the  above  water  determination  of 
contrary  sign  to  that  due  to  CO,,  and  if  the  proportion  of  helium  were 
large  this  error  might  be  of  very  considerable  magnitude. 

In  an  appendix  to  his  paper  Benedicks  gives  an  anal^^sis  of  what  he 
considers  to  be  a  very  pure  form  of  thal^nite.  He  makes  no  compar- 
ison of  this  with  his  earlier  analysis,  nor  does  he  deduce  a  molecular 
ratio,  which  1  find  to  be  1:2.():5.15,  or  1:3.03:6.02  if  small  amounts 
of  lime,  magnesia,  and  soda  are  neglected,  instead  of  1:2:4,  as  required 
by  his  formula.  There  being  no  CO,  in  this  purer  material,  the  value 
for  water  (if  determined  as  al)ove  surmised)  may  be  supposed  to  be 
affected  only  by  the  error  due  to  nitrogen  and  helium.  It  will  be 
seen  that  the  neglect  to  regard  lime,  magnesia,  and  soda  in  his  second 
analysis  affects  the  ratio  very  seriousl3\  This  neglect  may  be  justified 
in  figuring  on  his  first  analysis  because  of  an  approximate  balancing 
by  COg,  but  it  would  be  by  no  means  so  in  the  other,  in  spite  of  the 
ver}^  satisfactory^  ratio  obtained  and  leading  to  the  empirical  formula 

a  Am.  Jour,  Sci.,  ser.  3,  vol.  48, 1894,  p.  31, 
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R"R'",  Si^O„,  which  is  susceptible  of  a  variety  of  interpretations.  It 
may  represent  a  basic  salt  of  diorthosilicic  acid  R"R'"5(R'"0)'(Si,07)3 
or  of  metasilicic  acid  R"R'",(R'"0)'4(Si05),,  or  possibly  even  of  other 
acids. 

Finally,  if  the  values  for  nitrogen  and  helium  are  really  anywhere 
near  so  great  as  given,  an  additional  argument  against  the  validity  of 
his  formula  is  furnished.  For  in  the  light  of  Kohlschutter's  recent 
researches^  and  my  own  less  conclusive  work  of  a  much  earlier  date,* 
it  is  in  the  highest  degree  probable  that  nitrogen  and  helium  are  not 
occluded  in  uraninite  and  other  minerals,  but  are  in  chemical  combina- 
tion. Now,  if  this  is  so,  in  a  mineral  containing  as  much  as  1.4  per 
cent  of  nitrogen  by  weight,  this  must,  quite  irrespective  of  its  form  of 
combination,  play  so  important  a  r61e  in  the  molecule  as  to  utterl}^ 
invalidate  anv  formula  based  on  calculations  from  which  it  is  omitted. 
If  the  above  percentage  is  made  up  in  large  part  of  helium,  its  effect, 
because  of  its  low  atomic  weight,  must  be  vastly  greater  than  that  of 
nitrogen. 

Until  light  is  thrown  on  the  nature  of  the  combinations  these  two 
gases  form  in  minerals,  no  very  positive  conclusions  can  l>e  reached  as 
to  the  formulas  to  be  assigned  to  those  minerals  which  contain  them  in 
moi'c  than  traces. 

CHEMICAIi  INVESTIGATION  OF  YTTRIAIilTE. 

At  the  earnest  request  of  Mr.  W.  E.  Hidden,  the  discoverer  of 
yttrialite,  I  undertook  to  reanalyze  the  mineral  in  order  if  possible  to 
settle  definitely  the  question  of  its  composition.  This  seemed  espe- 
cially desirable  since  a  large  quantity  of  very  fine  material  was 
available. 

The  appearance  and  behavior  of  the  mineral  agreed  in  all  respects 
except  one  with  those  of  the  original  description.*^  It  is  there  stated 
that  the  strongl}'  ignited  mineml  is  insoluble  in  acid.  This  is  a  xnis- 
take,  for  when  powdered  its  solubility  in  hydrochloric  acid  is  even 
then  perfect,  although  not  rapid. 

Careful  examination  of  thin  sections  under  the  microscope  showed  a 
condition  that  augured  ill  for  decisive  analytical  results  despite  the 
ap|>arently  fine  quality  of  the  large  specimens.  Distinctly  foreign 
mineral  fragments  were  as  good  as  absent  except  for  insignificant 
coatings  of  a  white  alteration  product,  presumably  a  carbonate,  but 
considerable  shading  was  apparent  in  the  slides,  indicative  of  alter- 
ation or  intimate  contamination  in  the  muss  of  the  mineral  itself. 
However,  after  treatment  with  hot  dilute  hydroi'hioric  acid  (wherobv 
much  yttrialite  was  dissolved)  followed  by  dilute  sodium  carbonate,  the 

a  Aim.  (lerChem..  317.  1901.  p.  ViH. 

ft  Bull.  U.  S.  Geol.  Survey  No.  78.  1891.  pp.  76-7». 

cAm.  Jour.  ^ci..  ser.  3,  vol.  88, 1889,  p.  477, 
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clear  glassy  residue  appeared  to  be  improved  in  appearance  and  the 
specific  jrravity  of  two  samples,  each  composed  of  small  grains  uniform 
in  size  for  each  sample,  had  risen  from  4.596  and  4.590  to  4.654  at 
23i*^C.  and  4.646  at  26^  C,  respectively.  The  two  sizes  were  then 
mixed,  giving  one  sample  of  about  4.65  sp.  gr.  at  25^  C.  That  of  the 
unpurified  material  analyzed  by  Mackintosh  was  4.575. 

Qualitative  tests  showed  the  absence  of  zirconium,  glucinum,  and 
aluminum  and  the  presence  of  a  little  more  than  a  trace  of  fluorine,  of 
a  very  little  carbon  dioxide,  besides  some  other  gases  which  were  set 
free  by  treatment  with  acids  and  by  fusion  with  an  alkali  carbonate. 

Silica  was  separated  by  two  evaporations  with  hydrochloric  acid; 
lead  was  then  thrown  out  by  hydrogen  sulphide. 

The  earths  when  finally  collected  together  free  from  all  iron,  man- 
ganese, uranium,  titaniubfi,  phosphorus,  calcium,  and  magnesium, 
were  ignited  and  weighed.  No  filtrate  from  a  precipitate  of  earth 
oxalates  was  ever  regarded  as  free  from  earths  till  after  evaporating, 
igniting,  and  retesting.  This  is  a  needed  precaution  in  all  similar 
analyses. 

The  combined  earths  were  dissolved  in  nitric  acid  and  evaporated  to 
dryness.  A  saturated  solution  of  potassium  sulphate  was  poured  upon 
the  dry  mass,  which  wholly  dissolved  but  almost  at  once  began  to  de- 
posit double  sulphates.  Solid  potassium  sulphate  was  then  added  in 
crystals.  After  twenty- four  hours  the  precipitate  was  collected  on  a 
filter  and  washed  with  the  precipitant  solution.  Twice  was  this  pre- 
cipitation repeated  after  first  dissolving  the  double  salts  in  acid,  pre- 
cipitating by  potassium  hydroxide,  washing,  redissolving  in  nitric 
acid,  and  evaporating.  Then  only  was  the  extraction  of  the  yttrium- 
erbium  group  practically  complete.  From  the  combined  filtrates  the 
soluble  earths  were  thrown  out,  reconverted  into  nitrates,  and  again 
treated  with  potassium  sulphate,  whereb}^  a  little  further  insoluble 
matter  was  obtained.  Yttrium-erbium  oxides  obtained  from  the  oxa- 
lates gave  a  light-colored  mixture  of  265.6  Mol.  W.  (108.8  At.  W.), 
which  furnished  a  pink  nitrate  solution  showing  the  erbium  absorp- 
tion bands  strongly  marked,  with  very  faint  indications  of  the  strong- 
est band  of  the  did^nnium  components. 

The  insoluble  sulphates  were  converted  into  chlorides  and  thrice 
treated  with  potassium  hydroxide  and  chlorine  to  precipitate  thorium 
and  cerium.  From  the  filtrates  the  soluble  earths  were  recovered  and 
subjected  to  a  repetition  of  this  treatment.  Their  oxides  after  purifi- 
cation were  light  dirty  brown  when  heated  over  the  Bunsen  flame,  but 
gmyish  white  when  blasted.  Their  Mol.  W.  was  835.5  (At.  W.  143.7); 
their  nitrate  solution  was  pink  and  gave  the  charact(»ristic  didymium 
component  absorption  bands  altogether  free  from  those  of  the  erbium 
constituents. 
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Cerium  and  thorium  were  separated  by  a  combination  of  the  am- 
monium oxalate  and  thiosulphate  methods.  The  weighed  thoria  was 
pure  white,  the  ceria  of  a  pale  sahnon  color. 

The  condition  of  the  uranium  was  shown  by  its  precipitability  as 
tetrafluoride  on  dissolving  the  mineml  in  hydrofluoric  acid.  This 
reaction  afforded  a  ready  means  of  estimating  with  exactness  the 
ferrous  iron  by  permanganate  after  rapidly  filtering  off  the  fluorides 
precipitated  in  an  atmosphere  of  carbon  dioxide.  Solution  of  the 
mineral  in  a  sealed  tube  with  dilute  sulphuric  acid  allowed  of  finding 
the  oxygen  value  of  both  UOj  and  FeO  by  permanganate.  The  result 
thus  found  for  UO,  agreed  marveloush'  well  with  that  calculated  from 
the  UjOg  found  gravimetrically  in  a  separate  portion. 


SiO, 

TiO, 

ThO,  .... 
ro, 

Of  A  .  .  - 
I^HjOj,  ett* 

Y,Os,  etc. 

it 

it 

n 


Hillcbrand. 


AUO, 

Fe,0, 

FeO 

MnO 

PbC) 

CaO 

MgO 

H,0  above  105*»  C. 
H,0  below  105°  C 
CO, 


PA-- 

N,  He. 

Fl,  A  Ik 


:;} 


diff 


29.63 

.05 

10.85 

«1.64 

3.07 

<-5. 18 

«43. 45 


.76 
1.96 
.88 
.80 
.67 
.16 
.32 
.04 
.11 
.12 

.31 


100.00 
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Nitrogen  (?)  and  helium  (?)  were  obtained  quantitative!}^  by  fusing 
the  mineral  with  sodium-potassium  carbonate  in  a  current  of  carbon 
dioxide  and  collecting  the  gavses  in  a  nitrometer  over  potassium 
hvdroxide.  The  volume  was  l^etween  one  and  two  cubic  centimeters 
per  gram  of  yttrialite.     The  gases  were  not  further  examined. 

The  analysis  is  given  above,  together  with  that  of  Mackintosh  for 
comparison. 

The  mtios  of  Mackintosh's  analysis  as  calculated  above  by  me  are 
certainl}^  wrong  in  so  far  as  they  are  affected  b}^  the  value  for  iron, 
which  he  assumed  to  be  wholly  ferrous.  If  corrected  in  accordance 
with  the  statement  of  my  anal^-sis,  or,  what  amounts  to  the  same  thing 
for  the  purpose  of  illustration  and  is  simpler,  if  my  ratio  is  altered  to 
conform  to  his  statement  for  RO  and  RgOj  bases,  it  becomes  .0644: 
.1882 — a  very  close  agreement. 

It  is  altogether  probable  that  Mackintosh's  separations  of  the  earths 
were  not  so  far  reaching  as  mine,  and  this  belief  is  lK)rne  out  by  the 
differences  in  the  experimental  molecular  weights  for  the  lanthanum 
and  yttrimn  groups,  mine  being  more  in  accordance  with  what  might 
be  expected  and,  moreover,  agreeing  almost  exactly  with  those  which 
were  found  by  me  for  rowlanditc  in  1893,  namely,  33G.8  and  266.2 
respectively." 

It  is  of  course  impossible  to  say  what  disposition  should  be  made  of 
the  small  amounts  of  firmly  held  water,  phosphorus,  carbon  dioxide, 
fluorine,  and  alkalies.  The  ratios  of  my  analysis  are,  therefore,  to  a 
slight  extent  incorrect,  but  probably  not  enough  to  influence  any 
conclusions  that  may  be  drawn.  One  thing  is  apparent,  that  the  pre- 
liminary purification  by  acid  has  had  no  pronounced  effect  on  the 
composition  of  the  mass  acted  on,  otherwise  Mackintosh's  and  ra}'^ 
analyses  should  show  far  greater  differences  in  the  main  constituents. 

The  crude  empirical  formulas  deducible  from  the  ratios  of  the  two 
analyses  are  nearly 

Hillebrand ----K"«.     ir',,«     R'-,     (SiA)..7 

Mackintosh ir,,     R'",,,     IV"\,     (SiAk, 

"The  three  minerals  gadoliniU»,  yttrialite.  and  rowluiulite  occur  in  Llano  County  in  nuwt  intimate 
aNWfK'iation,  suggestive  of  elose  eomniunity  of  origin,  a  suggesti«)n  which  is  emphasized  by  the  mar- 
velous agreement  for  gadolinite  and  yttrialite,  not  only  in  the  relative  i)roporlions  of  the  trivalent 
earth  metals  but  in  their  al>solute  amounts  as  well. 
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This  concordant  testimony  of  three  analysts  may  be  ri«gardcd  lus  strong  cviilenco  of  the  corn»etness 
of  tlio  cttrth  scparntiorm  nnide  by  them  in  these  eases.    "SeiVT\\  V\\v>  v^wwvj  tvA«t\.KA\  \h  sUovvu  by  the 
trivalent  varth-mvtals  of  rowlandite,  as  »een  in  the  la\)\e  aXjoxe. 
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there  being  a  slight  deficiency  of  oxygen  atoms  in  each  cane  for  the 
radical  SijO^,  which  is  increased  by  allowing  for  the  CO,  and  PgOg. 

In  so  far  then  as  the  character  of  the  acid  radical  is  concerned  the 
results  of  Mackintosh's  analysis  are  fully  confirmed,  and  there  is 
absolutely  no  ground  for  accepting  Benedicks's  basic  formula,  which, 
as  I  have  alread}'^  shown  (p.  62),  is  based  on  a  palpable  error.  But 
the  ratios  are  not  at  all  such  as  to  lend  themselves  to  ready  resolution 
iflto  isomorphous  salts  of  the  acid  H^SijO..  By  doing  quite  unwar- 
ranted violence  to  the  analytical  data  the  above  formulas  might  be 
reduced  to 

K"    K'",    R-'    (SiA)* 

which  can  be  readily  represented  structurally  as  a  single  complex 
molecule  or  as  a  mixture  of  molecules  like  3R'"jSi,07+R"R""Si207. 
In  neither  case,  however,  is  the  type  of  the  rowlandite  molecule 
approached,  which  requires  an  altogether  different  ratio  of  monoxide, 
dioxide,  and  trioxide  bases;  nor,  if  the  second  be  accepted,  is  it  at  all 
clear  that  the  two  molecules  would  be  mineralogically  equivalent — 
that  is,  isomorphous. 

An  alternative  hypothesis  is  to  regard  the  mineral  as  a  mixture 
containing  the  anhydrous  thorite  molecule.  Proceeding  on  this 
assumption  and  deducting  all  thorium  and  uranium  and  the  proper 
amounts  of  silicon  and  oxygen,  the  crude  empirical  formulas  become 

Mackintosh _ _ .  R^^^     R'"373     Si^jgO  ujoi 

Hillebnind _ . .  R",,     R-3„     Si,,,0  ,,„ 

which  may  be  interpreted  as  basic  salts  of  metasilicic  acid: 

11".,    R"',„    (K"'0)'.„    (SiO,U 
R"..     R"'„.    (R"'0)'.„    (SiO,).„ 
or    R"       R'",       (R"'0)',       (SiO,), 

this  last  being  easily  susceptible  of  symmetrical  representation  in 
gmphic  form. 

On  the  whole,  I  prefer  to  leave  the  constitution  of  3'ttrialite  unsettled 
until  further  evidence  can  be  g^ithered,  either  from  analyses  of  allied 
minerals  or  from  y ttrialitc  itself  of  more  certain  purity  than  any  that 
has  yet  been  discovered. 

It  must  not  be  forgotten  that  the  gases  other  than  CO,  containexl  in 
the  mineral  may  be  the  cause  of  the  inability  to  arrive  at  satisfactory 
conclusions  in  the  case  of  this  and  all  other  minerals  which  contain 
them,  as  I  have  already  pointed  out  on  page  63. 

My  excuse  for  such  a  lengthy  publication  on  a  matter  still  unsettled 
is  the  desire  to  prevent  general  acquiescence  in  the  grouping  under  one 
type  of  minerals  which  can  by  no  means  be  regarded  as  proved  to 
belong  to  that  type,  and  to  which  yttrialite  certainly  does  not  belong. 


68  CONTRIBUTIONS   TO   MINERALOGY.  [bill,  262. 

SUMMARY. 

The  empirical  formula  of  Hidden  and  Mackintosh  for  yttrialite  is 
confirmed,  and  it  i?i  shown  that  the  basic  fornmla  of  Benedicks  rest« 
on  error  and  has  no  standing. 

The  formula  of  Hidden  and  Mackintosh  is  not,  however,  susceptible 
of  representation  as  a  simple  salt  of  the  acid  H^SigO^.  On  the  purely 
hypothetical  assumption  of  admixture  of  anhydrous  thorite,  the  remain- 
ing constituents  afford  ratios  conforming  quite  closely  to  those  of  a 
basic  metasilicate  R"  R'",(K'"0)'3  (SiOs),. 

It  is  shown  for  two  reasons  fully  discussed  that  the  formula  proposed 
by  Benedicks  for  thal^nite  is  to  be  regarded  as  doubtful. 


A  PSEUDO-SERPENTINE  FROM  STEVENS  COUNTY,  WASHINGTON, 


By  V.  W.  Clakke. 


In  the  course  of  an  investigation  upon  the  ornamental  stones  of 
Stevens  County,  Wash.,  Mr.  11.  W.  Thatcher  and  Prof.  Pilton  Fuhner, 
of  the  State  Agricultuml  iixperiraent  Station,  examined  a  supposed 
serpentine  which  proved  to  have  quite  anomalous  composition.  To 
the  unaided  eye  the  roi^k  was  ordinary  serpentine  of  a  typical  yellowish 
green  color;  it  was  fairly  homogeneous,  and  capable  of  receiving  a  tine 
polish.  Incomplete  analyses,  however,  by  both  of  the  above-named 
chemists  showed  that  it  was  not  serpentine,  and  as  I  had  been  consulted 
with  regard  to  the  interpretation  of  the  data,  a  sample  was  sent  to  me 
for  more  exhaustive  studv. 

According  to  Prof.  S.  Shedd  of  the  Washington  Agricultural  Col- 
lege, who  is  conducting  the  investigation,  the  rock  is  from  the  quarr}' 
of  the  United  States  Marble  Company,  12  miles  north  and  west  from 
Valley,  a  station  on  the  Spokane  Falls  and  Northern  Railroad.  It 
outcrops  on  the  face  of  a  high  bluff  at  an  elevation  of  about  4,070  feet 
above  sea  level,  and  forms  a  wedge-shaped  mass  cutting  across  the 
mountains  in  a  direction  5^  west  of  north.  The  adjacent  rocks  are 
slates,  which  lie  confonna])ly  upon  a  very  coarsely  crystalline,  daik, 
almost  black,  magnesian  carbonate.  The  ''serpentine"  itself  varies  a 
good  deal  in  color,  and  a  series  of  samples  in  the  United  States 
National  Museum  show  that  the  output  of  the  loc^ility  is  far  from 
uniform.  They  range  frou]  a  white  carbonate,  through  various  inter- 
mediate mixtures  of  the  verde  anticjue  type,  to  material  whic^h  appears 
to  be  ordinary  serpentine.  The  latter,  however,  as  shown  by  the 
serpentine  under  consideration,  is  distinctly  laminated  in  structure, 
and  exhibits  a  splintery  fracture.  An  analysis  by  Mr.  George  Steiger 
gave  the  following  results: 
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Al/), 1 .  iV,\ 

FcjO, 1.25 

FeO 19 

MgO 5(i.44 
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These  figures  at  once  suggest  a  probable  admixture  of  bruoitc  with 
the  serpentinous  material,  and  a  microscopic  examination  by  Mr.  J.  S. 
Diller  tends  to  confirm  this  supposition. 

According  to  Mr.  Diller  the  specimen  is  mainly  composed  of  three 
minerals,  «,  J,  and  c.  The  first  two  have  nearly  equal  indices  of  re- 
fraction, but  differ  widely  in  birefringence.  The  mineral  a  is  the 
most  abundant.  In  transmitted  light  it  is  colorless,  but  between 
crossed  nicols  it  exhibits  brilliant  colors.  The  mineral  h  is  pale  green, 
and  intermingled  with  a.  Its  birefringence  yields  weak  colors,  quite 
characteristic  of  chlorite.     In  quantity  it  is  less  than  one-fourth  of  a, 

Mineml  c  is  granular,  in  scattered  grains  and  irregular  groups  with 
a  high  index  of  refmction  and  a  birefringence  which  suggests  a  car- 
bonate, but  it  does  not  effervesce  with  a  dilute  acid.  It  amounts  to 
not  more  than  6  per  cent  of  the  whole.  Mineral  h  is  certainly  chlorite, 
and  a  may  be  brucite  or  possibly  serpentine. 

By  applying  Mr.  Diller's  observations  to  the  analysis  of  the  rock, 
the  proximate  composition  of  the  latter  may  be  deduced;  although 
certain  assumptions  must  be  made.  The  carbonate  present  is  proba- 
bly hydromagnesite,  for  that  species  is  a  frequent  associate  of  brucite. 
The  composition  of  the  chlorite  is  unknown,  but  it  may  be  interpreted 
as  essentially  clinochlore,  and  as  proportional  to  the  ferric  oxide  and 
alumina.  So  much  assumed,  the  analysis  gives  the  following  approxi- 
mate results  expressing  the  composition  of  the  specimen: 

Hydromagnesite 5 

CliloriU^ 14 

Serpentine 20 

Hrucite 00 

Extraneous  water , 1 

Total 100 

In  this,  four  minerals  appear  instead  of  three,  but  the  microscopic 
exfimination  did  not  attempt  to  discriminate  between  the  ])rucitc  and 
the  serpentine. 

In  order  to  o!)tain  evidence  confirmatorv  of  the  foreofoinc:  con- 
elusions,  a  few  experiments  were  made,  tending  toward  fi'actional 
det<»rmi nations.  Upon  digesting  the  powdered  rock  for  two  hours 
with  cold,  dilute  nitric  acid  (10  per  cent  ])y  volume),  1.32  per  cent  of 
Fe20j,+ AljOj  and  47.29  per  cent  MgC)  went  into  solution.  In  a  similar 
experiment  with  cold,  20  per  cent  acetic  acid,  0.61)  Fe.Oa+AlgO,  and 
45. ()4  MgO  were  extracted.  Brucite  dissolves  readily  in  acids  of  the 
indicated  strength,  but  some  chlorite  was  evidently  attacked  as  well. 
I  also  found  that  ordinary  serpentine  was  quite  appreciably  acted  upon 
by  weak  acetic  acid.  These  experiment's,  then,  merely  show  that  the 
rock  contiiins  a  large  amount  of  magnesium  in  a  very  easily  soluble 
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condition,  the  quantity  equivalent  to  60  per  cent  of  brucite  l>eing  41.4. 
The  results  are  in  harniony^  with  the  conclusions  already  reached,  and 
help  to  support  them,  although  accui'ato  fractional  determinations  can 
not  be  made.  The  rock  is  unusual  in  character,  and  if  the  sample 
examined  is  fairly  characteristic  of  the  entire  deposit,  the  latter  should 
be  carefully  studied  in  reference  to  its  origin  and  its  geological 
relations. 


ON  "CALIFORNITE." 


Bv  F.  W.  Clakke  and  George  Stbiukr. 


In  1901  Mr.  G.  F.  Kunz**  called  attention  to  a  remarkable  massive 
variety  of  vesuvianite,  discovered  in  California  by  Mr.  A.  E.  Heigh- 
way,  and  which  at  first  was  thought  to  be  jade.  A  second  locality  for 
the  mineral,  remote  from  the  first,  was  found  some  time  later,  and 
here  the  vesuviauite  was  accompanied  by  another  substance,  which 
proved  upon  examination  to  be  an  unusual  modification  of  garnet. 
For  the  vesuvianite  Mr.  Kunz  proposed  the  varietal  name  ^'califor- 
nite,''  and  at  first  the  garnet  was  supposed  to  be  the  same  species,  but 
different  in  color.  Samples  of  all  three  minerals  were  sent  to  the 
laboratory  of  the  United  States  Geological  Survey  for  analysis,  and 
the  results  obtained  are  given  below.* 

A.  Vesuvianite  from  the  south  fork  of  Indian  Creek,  12  miles  from 
Happy  Camp,  Siskiyou  Count}^,  Cal. 

B.  Vesuvianite  from  Fresno  County,  Cal.,  35  toiles  east  of  Selma. 

C.  White  garnet,  found  with  or  near  vesuvianite  B. 


A.  Ve«!ivi 
anite. 


B.  Vesuvi- 
anite. 


SiO,.. 

AlA- 

Fe,03 

FeO.. 

MnO. 

MgO. 

CaO.. 


HjO  above  105*> 

TiO, 

CO, 

PA 

F 


35.86 

18.  35 

1.67 

.39 

.a5 

5.43 
33.  51 

.29 
4.18 

.10 


.36. 55 

18.89 

.74 

.74 

none 

35. 97 

.58 

3.42 

none 

.91 


Le880=F 

S|)ooific  gravity 


C.  Oaniet. 


38.59 

22.24 
.45 
.36 
.10 
.64 

:i5. 97 
.31 
.80 

none 
.39 


100.02 
.07 


99.95 
3. 586 


n Mineral  Resources  U.  S.  for  1901,  V.  S.  Ueol.  Survey:  1W2,  p.  747.    Also,  more  fully,  Am.  Jour.  8t*i., 
1th  Her.,  vol.  16,  1903,  p.  397. 
^Analyses  by  George  Steiger. 
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These  analyses  may  be  reduced  to  uniform  type  as  follows:  Throw 
out  hygroscopic  water,  PjO^,  and  COj,  with  the  equivalent  amount  of 
lime  representing  calcite.  Recalculate  TiO,  to  equivalent  SiO,;  Fe^O, 
to  Al,0,;  FeO,  MnO,  and  MgO  to  CaO,  and  F  to  HjO.  Then  recom- 
pute to  100  per  cent.  -  The  reduced  analyses  are  as  follows: 


Mok'ciilHr  mtidN. 


SiO,. 

AlA 
CaO. 

H,0 


Analysis  C  gives  the  garnet  ratios  quite  sharply,  but  as  the  mineral 
was  white  and  massive,  somewhat  resembling  chalcedony,  its  nature 
was  at  first  unsuspected.  It«  density  is  that  of  garnet,  however,  its 
fusibility  is  the  same,  and  in  thin  section  under  the  microscope  it  is 
optically  isotropic.  H  is  undoubtedly'  garnet  containing  as  an 
impurity  about  1  per  cent  of  calcium  carbonate. 

Analyses  A  and  B  are  less  easily  interpreted.  B  gives  approx- 
imately the  empirical  formula:  211^0,  2Alg05,  7CaO,  GSiOj*,  or.  con- 
stitutionally, 

Al^Ca^  (SiOJe  (AlOH)  (AIO.H,)  H. 

If  part  of  the  water  is  extraneous,  the  following  much  simpler 
formula  may  hold: 

Al,Ca,  (SiO,),  (AlOH),; 

and  this  fairly  represents  a  good  many  other  analyses  of  vesuvianite, 
but  not  all.  Vasuvianite  varies  in  composition,  and  its  variations  are 
rather  troublesome  to  interpret,  for  they  may  signify'  either  actual 
differences  in  the  mineral  itself,  alterations,  or  impurities.  The 
formula  proposed  by  one  of  us"  some  years  ago, 

Al,Ca.  (SiOJ,  (AlOII), 

is  a  good  expression  for  the  average  composition  of  the  species,  but  it 
does  not  fit  the  extremes. 


«  Clarke,  Bull.  V.  S.  Geol.  Survey  No.  12.'>,  p.  25. 


74  CONTRIBUTIONS   TO   MINERALOGY.  i«uLL.2e2. 

A  cAreful  study  of  over  40  analyses  of  vesuvianite  leads  us  to  sus- 
pect that  it  may  be  a  mixture  of  several  similar  molecules,  which  we 
can  represent  by  the  subjoined  expressions: 

Al,Ca,(SiOJ.(A10H)„ 
Al,Ca,(SiO,).(A10,H,)„ 
Al,Ca,(SiOJ,H„ 
Al,Ca7(SiO,).Ca,; 

the  first  and  third  compounds  usually  predominating.  Stru(^turall\% 
and  with  due  regard  to  the  analogy  between  vesuvianite  and  other 
species,  these  formula  may  be  written  as  follows: 

Al-SiO  =  \  ^^»  Al-SiO  =  (  ^^^ 

\SiO,=R".  \SiO,=R', 


Ca  Ca 


/SiO,=R".  /'SiO,=R', 

Al_SiO,=  I  n.  Al-SiO,^  I  ^ 

\SiO,=  f  ^^  \SiO,=  j  ^^' 

About  one-seventh  of  the  calcium  is  replaced  by  magnesium,  and  in 
the  variety  wiluite  the  group  BOII,  analogous  to  AlOH,  probably 
ocx*urs. 

Vesuvianite,  then,  is  to  be  regarded  as  a  basic  orthosilicate,  belong- 
ing to  a  group  of  compounds  of  which  garnet  is  the  normal  salt. 
Epidote  and  the  scapolites  are  other  members  of  the  same  class,  and 
their  formulae  are  all  strikingly  similar  to  one  another.  As  products 
of  contact  metamorphism  they  originate  under  like  conditions,  and 
they  all  undergo  alteration  in  much  the  same  way,  yielding  similar  or 
even  identical  derivatives.  Garnet,  vesuvianite,  epidote,  and  the 
scapolites  must  be  considered  together  if  the  problem  of  their  consti- 
tution is  to  be  properly  solved. 


THE  ACTION  OF  SILVER  NITRATE  AND  THALLOUS  NITRATE 

UPON  CERTAIN  NATURAL  SILICATES. 


By  George  Steiger. 


The  following  investigation  is  pmctically  a  continuation  of  the 
experiments  which  were  described  by  Clarke  and  Steiger  in  a  recent 
bulletin  of  the  United  States  Geological  Survey,"  although  the  new 
work  is  along  somewhat  different  lines. 

In  the  former  research  the  alkalies  and  alkaline  earth  metals  of  cer- 
tain silicates  were  replaced  by  ammonium,  when  the  minerals  were 
heated  in  sealed  tubes  with  ammonium  chloride.  In  the  present  work, 
silver  nitrate  and  thallous  nitrate  have  l>een  substituted  for  ammonium 
chloride,  the  temperature  employed  being  somewhat  above  their  fusing 
points.  As  was  anticipated,  the  alkalies  and  alkaline  earth  metals 
were  replaced  by  the  heavy  metal,  thus  giving  additional  data  rela- 
tive to  the  constitution  of  the  minerals. 

The  experiments  were  carried  out  as  follows:  The  very  finely  ground 
material  was  mixed  thoroughly  with  various  amounts  of  nitrate  by 
grinding  in  an  agate  mortar,  the  mixture  was  placed  in  a  tube  of  Jena 
glass,  and  the  tube  was  sealed.  These  tubes  were  then  heated  in  a 
bomb  furnace  for  the  specified  time  and  temperature,  then  opened 
and  the  contents  leached  with  boiling  water  till  the  filtrate  gave  no 
test  for  nitrates,    ^he  residue  was  then  dried  and  analyzed. 

In  a  recent  paper,*  the  writer  gave  the  results  of  some  preliminary 
work  on  analcite  and  chabazite. 

Heumann^  prepared  a  silver  ultramarine  by  boiling  the  native  min- 
eral with  a  solution  of  silver  nitrate,  and  A.  H.  Church''  made  a  silver 
phillipsite  by  allowing  a  solution  of  silver  nitrate  to  act  on  the  natural 
mineral  at  ordinary  temperatures  for  almost  three  years. 

For  the  optical  notes  in  the  present  paper,  the  writer  is  indebted  to 
Messrs.  W.  T.  Schaller  and  J.  S.  Diller. 

The  crystals  in  all  cases  were  too  small  to  permit  a  determination  of 
their  forms.  A  few  optical  observations  were  made,  and  with  the 
exception  of  the  isotropic  compounds,  it  can  be  said  that  all  were 
entirely  crystalline. 

a  Bull.,  U.  8.  Geol.  Survey  No.  207.  '-Lleb.  Ann.,  vol.  199  (1879),  p.  253. 

ft  Am.  Jour.  Sci.,  .scr.  4,  vol.  14,  July,  1902,  p.  31.  dMin.  Mag.,  1899,  vol.  12.  p.  9. 
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axaj.citt:. 

The  analcite  upon  which  the  following  experiments  were  made  was 
well  crystallized  material  from  Tal)le  Mountjiin,  near  Golden,  Colo. 
Three  silver  derivatives  were  prepared  as  follows: 

A.  Ammonium  analcite  was  heated  in  a  sealed  tube  with  four  times 
its  weight  of  dry  silver  nitrate  for  4  hours  at  250^-290^  C,  then 
leached  with  lx)iling  water  and  the  residue  dried  on  the  water  l)ath. 

B.  The  natural  analcite  was  heated  in  a  sealed  tube  with  four  times 
its  weight  of  dry  silver  nitrate  for  4  hours  at  250^-290^  C,  then 
leached  and  the  residue  dried  on  the  water  bath. 

C.  Same  as  B,  but  heated  G  instead  of  4  hours. 

D.  Analysis  of  the  analcite  upon  which  the  experiments  were  made. 
Analj'sis  gave  the  results  shown  below: 


A. 

B. 

41.81 
16.44 
37.  45 

c. 

SiO, 

ALO, 

42.  (59 

18.22 

40.08 
lfi.29 

Ak/) 

CaO 

:^2.01 

1 

36.  91 

Na,0 

H,0- 

.  fi8 

I 

.8') 

.81 

1). 


55.72 
2H.  06 


.17 
12. 46 


H,0 
Nil, 


In  leacli  water: 
Xa/). 


6.09 

1 
.()9 

4.2^) 

5.  86  . 

8.  2(] 

1(H).  34 

99.  95 

100.38  1 

99.80 

.m 


13.13 


1 2. 5: 


The  products  were  all  pcrfe(»tly  white*,  showing  that  no  free  silver 
oxide  cont^uninated  the  residue.  Under  the  microscope  a  small  amount 
of  tiic  material  showed  d()ul)lo  refraction,  but  the  larger  portion  of  it 
was  isotropic  like  the  original  mineral. 

Residue  A  was  boiled  for  15  minutes  with  a  5  per  cent  solution  of 
sodium  carbonate,  and  only  a  trace  of  silica  passed  into  solution.  With 
nitric  acid  the  silver  analcite  gives  sandy  silica,  and  does  not  gelatinize 
on  evaporation. 

A  portion  of  residue  B  was  heated  on  the*  water  bath  for  2i  hours 
with  a  10  per  cent  solution  of  sodium  hyposulphite  and  afterwards 
washed  with  water.  In  the  residue  9.45  \)oy  cent  of  Na.,0  was  found, 
showing  that  the  silver  salt  had  been  converted  back  into  the  sodium 
compound,  though  not  completely,  the  thcorc^tical  amount  of  Na^O 
required  being  14.1  per  cent.  Whether  a  hydrated  salt  had  been  formed 
was  not  determined.  After  treatment  in  a  similar  nianiKM' with  potas- 
jf^jiwj  cvankle  10.04  per  cent  of  K/)  was  found  in  the  residue. 
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Con.sideriii^  the  various  amouiite  yf  alkali  contuiiiod  in  the  silver 
residues  as  unaltered  aualcite,  deductiiijjf  the  ecjuivalerit  auiount  and 
reducing  the  remainder  to  1(>0,  the  above  analyses  give  the  results 
shown  below:" 


iSi( ), . 

Al.Oa 
Ajj,0 
lU). 


A. 

n. 

(\ 

TlUHjretioal 

AjfAl 
SijOoHjO. 

40.  39 

40.  28 

39.  21 

39.  lio 

17.27 

15.  92 

15.  W 

16.  72 

m.  ()5 

39.  78 

39.  16 

38.  03 

5.69 

4.02 

5.  73 

5.90 

a 

KM).  00 

100.00 

100.00 

1(H).  00 

1 

For  comparison,  there  is  given  in  the  last  column  the  percenbige 
comj>osition  of  theoretical  silver  analcite.  Residue  H  shows  a  defi- 
ciency of  water,  possi})ly  owing  to  the  use  of  too  high  a  temperature  in 
drying  the  powder  before  analysis.  Kesi<lue  C  gives  the  following 
molecular  ratios: 

2<;Ag./),  24A1.,()3,  10()Si().,,  4J)H,(), 

agreeing  well  with  the  empirical  formula 

AgAISiA-H.O. 

Two  thallium  derivatives  were  prepared  from  the  same  lot  of  anal- 
cite, as  follows: 

E.  Natural  analcite  was  heated  in  a  sealed  tube  with  four  times  its 
weight  of  thallous  nitrate,  twenty-four  hours  at  250  -2JH)^  C. 

F.  Same  as  K^  except  that  the  heating  was  (continued  for  foi'ty- 
eight  hours.  The  composition  of  the  two  leached  residu(»s  is  given 
l>elow. 


E. 


AlA 

T1,0. 

Na.,0 

H,0- 

H,0: 


\n).  40 


F. 


34.  40 

32. 66 

15.73 

13.62 

47.  29 

53. 01 

.tU) 

.12 

.62 

.20 

.76 

.40 

100.01 


"In  ihoe  iiiul  nil  other  deductions  mude  in  tlii.s  work  the  thcoretieal  nioleeule  hu!<  been  lus^umcd, 
in  thi8  CASK,  NuAlSi^OoIIsO. 
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Both  of  the  preparations  were  i^erfectly  white.  The  microscopic 
exainiDation  showed  thallium  analcite  to  be  mainly  isotropic,  with  a 
few  crystals  having  double  refraction,  as  was  the  case  with  the  silver 
derivative.  The  thallium  compound  is  easily  decomposed  by  nitric 
acid,  giving  sandy  silica. 

Deducting  from  analysis  F  analcite  equivalent  to  0.12  per  cent  of 
Na^O,  and  reducing  to  100,  the  analysis  becomes: 


Theoretical 
TlAlSijOe. 


I 

SiO, 

AlA 

T1,0 


In  the  second  column  is  given  the  calculated  percentage  composi- 
tion of  normal  thallium  analcite. 
The  molecular  ratios  of  F  are 

24T1,0,  23A1,03,  lOOSiO^. 

A  closer  agreement  with  theory  could  hardly  be  expected. 

In  the  case  of  the  silver  compound,  the  one  moleciric  of  water  of 
the  original  mineral  has  been  retained,  and  it  is  essentially  analciti* 
with  silver  replacing  sodium.  It  is  not  so  with  the  thallium  deriva- 
tive, nor  with  the  ammonium  compound  of  the  former  investigation. 
In  both  of  these  derivatives  the  water  of  the  original  mineral  wa**  lost, 
the  formula  being  that  of  leucite  with  thjillium  or  annnonium  replac- 
ing potassium,  leucite  being  a  mineral  closely  related  to  analcite. 

One  crude  experiment  was  ma(^e  to  show  the  action  of  lead  nitrate 
on  this  mineral.  Natuml  analcite  was  heated  in  a  sealed  tube  with  a 
10  per  cent  solution  of  lead  nitmte  for  six  hours  at  about  200^  C.  The 
composition  of  the  washed  and  dried  residue  follows: 


SiOj . 
AlA 
PbO. 
Na,0 


60.  .'M 

17.55 

14.  75 

6.03 

undet. 

98.67 


MoUi'iilar 
ratios. 


100.0 

17.1 

(>.  I 

0.7 
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Water  was  not  determined,  but,  as  will  be  seen  from  the  summa- 
tion, it  is  an  unimportant  constituent  of  the  compound.  Evidently 
the  anhydrous  salt  has  been  formed,  but  incompletely,  for  only  about 
half  the  sodium  had  been  replaced. 

The  molecular  ratios  are  as  follows: 


6PbO,  10Na,O,  ITAl^O,,  lOOSiO 


S9 


or,  combining  the  monoxide  bases, 

16RO,  17A1A,  lOOSiO,. 
In  this  a  large  excess  of  silica  appears. 

liEUCITE. 

The  specimen  of  leucite  at  hand  was  impure,  and  more  careful  work 
was  therefore  deferred  until  some  future  time,  when  it  may  be  possible 
to  prepare  an  artificial  mineral  which  will  be  studied  in  detail. 

One  preparation  of  the  impure  leucite  was  made  by  heating  the 
native  mineml  in  a  sealed  tube  with  four  times  its  weight  of  thallous 
niti-ate  for  twenty-four  hours  at  a  temperature  of  250^-290^  C.  The 
leached  residue  was  dried  on  the  water  bath.  The  analysis  of  this 
residue  follows. 


SiO, .. 
AM), 

Tl,( )  . 
K,()  . 

H,0-f- 


UcHiduc. 


Molecular 
ratioM. 


36.00  I 

1(5.32 

42.77 

4.26 

.10 

.20 


100.0 

26.7 

16.8 

7.5 


99.65 


1.8 


Combining  potassium  with  thallium,  the  analysis  gives  the  fol- 
lowing: 

24(T1K)30,  27A1,03,  l()0SiO„  2H,0. 

This  indicates  that  the  same  molecule  has  l>een  formed  as  in  the 

case  of  analcite. 

TH0M80NITE. 

The  thomsonite  used  was  well  crystallized  material  from  Table 
Mountain,  Colorado.  Only  one  derivative  of  this  mineral  was  made. 
The  thom.sonite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
of  dry  silver  nitrate,  20  hours,  at  250^-290^  C.  The  residue  was  dried 
at  about  40*^  C.    Its  composition  is  given  oiv  t\i^  V^%^  lvJ\<y«\\Sk%* 
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Natural 
thomsonite. 

silver 
thomsonite. 

SiOz 

41.13 
29.58 

33.80 

ALO, 

23.21 

Air^O  coni])ine<l 

23. 50 

Air,0  free 

2.5« 

CaO 

11.25 

7.28 

Na,0 

5.31 

1.01 

12.12 

.71 

II2O     

.45 

H,()- 

8.11 

In  leach  water: 
CaO 

100.40 

99.  «2 
2.68 

Na^O . 

5.04 

The  color  of  this  residue  was  dark,  showing  that  some  silver  oxide 
had  been  formed,  so  contaminating  the  salt.  A  determination  of  this 
free  silver  oxide  was  made  by  the  following  method,  and  it  appears  in 
the  analysis  as  "Ag,0  free." 

A  portion  of  the  silver  thomsonite  was  weighed  out  in  a  platinum 
boat  and  placed  in  a  glass  tube,  which  was  connected  with  a  weighed 
calcium  chloride  tube;  low  red  heat  was  then  applied  and  at  the  same 
time  a  current  of  dry  air  was  passed  over  it.  At  this  tempemture 
silver  oxide  is  decomix)sed,  libenitiiig  the  entire  amount  of  oxygen. 
The  loss  of  weight  in  the  boat  was  water  plus  oxygen,  the  gain  in  the 
tube  was  water  alone;  the  difference  represented  the  oxygen  of  the 
free  silver  oxide. 

The  new  compound  dissolves  easily  in  dilute  nitric  acid  to  a  clear 
solution,  which  forms  a  perfect  jelh*  ou^  evaporation.  Under  the 
microscoiK?  the  material  proved  to  be  entirely  crystalline,  showing 
parallel  extinction. 

Deducting  free  silver  oxide,  and  also  the  water  lost  below  100  %  and 
reducing  to  100  per  cent,  the  analysis  gives  the  results  tabulated 
below: 


SiC), . 
Al,()s 
Ajr,() 
CaO. 
Na^O 
11,0. 


Silver  thom- 
.sonite  re- 
duced. 


34.99 

24.02 

24.  32 

7.54 

0.74 

S.  39 


Molecular 
ration. 


100.0 
40.3 
18.0 
23.2 
2.1 
80.0 


\<^.^\ 
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The  reaction  here  is  incomplete,  but  the  thomsonite  ratios  have 
been  fairly  well  preserved. 

As  the  water  of  this  niincml  is  usually  considered  to  form  no  part 
of  the  chemical  molecule,  in  the  following  formula  it  has  been  repre- 
sented separately. 

For  this  and  the  two  minerals  to  follow,  the  formulaB  proposed  by 
F.  W.  Clarke  have  been  adopted,  regarding  them  as  mixtures  of  salts 
of  orthosilicic  and  trisilicic  acids.  The  analysis  gives  the  subjoined 
ratios: 

18Ag,0,  23CaO,  2Na,0,  4UA1A,  lOOSiO,,  80H,O. 

Combining  monoxide  bases,  we  have 

R'^jAlRoSiiooOsM-SOHgO; 

which  gives  a  ratio  of  orthosilicic  to  trisilicic  acids  of 

73SiO,:  9Si30,. 

Substituting  these,  we  have 

R"„Al,.(SiOJ„(Si,0.)..  80H,O; 

and  combining  the  two  acid  radicles  under  the  indiscriminate  symbol  X 
we  have 

R"„Al,oX„.80  H,0=l-2~2,  2H,0. 

The  analysis  of  thomsonite  reduced  in  the  same  way  gives  the  for- 
mula 

R"„Al..(SiO.),.(SiA)..  »8H,0, 
or,  condensed, 

R"„Al,,X,,.98H,0=l-2-2,  2iH,0. 

CIIABAZITTE. 

The  chabazite  used  in  the  following  work  was  the  well  crystallized 
flesh-colored  material  from  Wassons  BluflF,  Nova  Scotia. 
Two  silver  derivatives  were  made,  as  follows: 

A.  Ammonium  chabazite  was  heated  in  an  open  tube  with  four  times 
its  weight  of  dry  silver  nitrate  for  six  hours  at  300^  C. 

B.  Natural  chabazite  was  heated  in  a  sealed  tube  with  four  times  its 
weight  of  dry  silver  nitrate  for  twenty-four  hours  at  250*^-290^  C. 

Bull.  262—06 6 
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C.  Analysis  of  the  original  chii})azite: 


SiO,.. 
AM)8. 
FeA 
Ag,0. 
CaO.. 


Na,0 
K,0. 


50.  78 

17.18 

.40 


.40 


H2O 
H2O  : 

NA 


In  the  leacli  water: 


AlA 
CaO. 


2.38 
4.40  ! 
6.64 


7.84 
1.28 

5.  22 
16.63 


Na^O 


100.29 

none 
7.75 
1.98 


100.06 


This  preparation  was  lij^ht  in  color,  showing  that  no  appreciable 
amount  of  free  silver  oxide  could  have  been  present.  It  was  decom- 
posed easily  b}^  nitric  acid,  giving  sand}'  silica. 

Tlie  microscopic  examination  showed  the  material  to  be  entirely 
crvstalline  and  uniaxial. 

In  this,  and  as  will  be  shown  later  in  the  thallium  derivatives  also, 
important  amounts  of  NgOj  have  been  retained.  This  is  not  due  to 
incomplete  washing,  but  the  nitrate  is  lirmly  hold  within  the  molecule. 
This  same  mineral  gave,  with  ammonium  chloride,  a  compound  con- 
taining chlorine.  What  the  presence  of  these  small  amounts  of  the 
acid  radicles  nuu'  mean  is  not  know^i,  but  in  the  following  reductions 
N..O.r,  will  be  considered  as  combined  directly  with  silver  or  thallium; 
the  proper  amount  will  be  subtracted  from  th(>  analysis. 

Deducting  w^ater  below  100^  and  also  silver  nitrate,  analysis  B 
})ecomes: 


Kosi<liU'  B. 


SiO, . 

AlA 
Ag,() 

Na,/ ) 

11,0 . 


45.  80 
15.41 
33.  07 


5.70 


Moloculur 
ratios. 


100.0 

20.0 

19.0 

1.1 

42.  0 


1(K).00 
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This  gives  the  following  molecuhir  ration: 

lOAgA  lNu,0,  2()A1A.  lOOSiO,,  42II3O. 
Combining  sodium  with  silver,  we  have 

Hence  the  mtio  betw^een  orthosilicir  and  trisilicie  acid.s  becomes 

i()SiO,.;3()SiA; 

and  combining  them  under  the  .symln)!  X,  the  fornuda  is 

R",oAl.«X,o.421I.,0  =  l-2-2,  2ILO. 
Reducing  the  vsame  way  the  analysis  for  chabazite,  we  have 

K",oAl4oX,o.  10911/)  =  1-2-2,  r).iH,0. 
The  two  formuhe  are 

Native  chabazite R^^3„Al4o(SiO, ),o(Si.,( ), )j„,.l(K)H./). 

Silver  chabazite ir^^,Al4„(SiOJ,o(Si30,)3o.42II,( ). 

Here  calcium  has  been  replaced  by  silver  with  a  loss  of  three  and 
one-half  molecules  of  water. 

The  thallium  derivatives  were  prepared  with  the  same  lot  of  chalm- 
zite.     Two  preparations  were  made*,  as  follows: 

I).  Chabazite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
of  thallous  nitrate.,  forty-eight  hours  at  250  -21H)'^  C. 

K.  Treated  the  same  as  I),  but  heated  for  sixty -seven  hours. 


SiO, . 
AM)3 
T1,0. 
CaO. 
Na/) 


H,()- 
N,0 


2^'5 


In  the  leach  water: 

A1.A 

CaO 

Na,() 


1). 


KoHidiie 
found. 


28,92 

10.  75 

51.58 

.  ()5 

.  28 

i.:^o 

2.  85 

3.  54 


E. 


Residue      Mole<'U-      Rc'sidiK* 
re<ln('e<l.    lar  mtios.     found 


3().  'M 

13.  50 

47.  39 

.81 

.35 

1.64 


99.87      100.00 


1.54 


100.  0 

21.8 

18.4 

2.3 

1.0 

14.7 


100.28 

None. 
7.09 
1.58 


Icsiduf 
"ound. 

UcHidue 
rttiu(;(.»d. 

29.  44 

34.44 

11.11 

13.00 

52.  1 1 

49.  61 

.(J4 

.75 

.35 

.41 

1 . 5:5 

1.79 

2.60 

2.  50 

100.00 
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Both  of  these  residues  were  perfectly  white  and  entirely  crystalline. 
Thallium  chabazite  is  easily  decomposed  with  nitric  acid,  yielding 
sandy  silica. 

Derivative  D  gives  the  following  mtios: 

18T1,0,  2CaO,  INa^O,  22AI2O,,  lOOSiO,,  15HjO; 

or,  combining  monoxide  bases, 

K  giAl^^oiiooUgg-.loHjO. 

The  ratio  of  the  two  acid  radicles  is 

lOSiO,  :28Si30H; 

and,  inserting  these  in  the  formula,  we  have 

ll"„Al„(SiOJ..(SiAL-l5lI.O; 

or,  condensed, 

R",jAl,,X,,.15lLO=l-2-2+aq. 

A  rough  experiment  wtus  made  hy  heating  silver  chabazite  in  a  sealed 
tube  with  a  10  per  cent  solution  of  lead  nitrate.  The  residue  after 
washing  and  drying  contained  5.51)  per  cent  AggO  and  20.24  per  cent 
PbO. 

STIL,BITE. 

The  specimen  of  stilbite  used  came  from  Wassons  liluflf,  Nova  Scotia. 
The  action  of  silver  nitrate  upon  this  mineral  was  not  investigated. 

One  thallium  derivative  was  made  bv  heatinsjf  the  stilbite  in  a  sealed 
tube  with  four  times  its  weight  of  thallous  nitrate  sixty-five  houi*s  at 
2.'^o  -2S0-  C.  The  residue  was  perfectly  white,  entirelv  crystjilline, 
and  biaxial,  and  it  gave  sand}^  silica  with  nitric  acid.  The  analysis 
follows: 


Al./)3. 

Tl,()  . 
CaC. 
Na^O. 
II2O- 


Stilbite. 


55.41 

10.  85 

.18 


7.78 

1.23 

8.60 

15.41 

100.  40 


KtMsidiie, 


86.  75 
11.74 


100.08 


Molec'iilftr 
ratios. 


U)0.0 

18.8 


42.  94 

16.5 

.68 

2.0 

.15 

.8 

5.48 

2.29 

20.8 
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Omitting  water  lost  below  100^,  we  have  the  following  ratios: 

16  T1,0,  2  CaO,  1  Na,0,  19  Al.O,,  100  SiO„  20  H,0; 

and,  combining  monoxide  bases, 

R",.Al„Si...O„.,  20  H,0; 

which  gives  a  ratio  between  the  two  acid  radicles  of 

7SiO,:3lSi30g. 

Inserting  these  in  the  formula,  it  becomes 

R".,Al„(SiOJ,(SiA)3r20  HA 

which  condenses  to 

R",,Al3.X„.20  H,0. 

Reducing  the  analysis  of  stilbite  in  the  same  way,  we  get 

R'\,Al3.(SiO,),(Si30«)3«.93  11,0=1-2-2,  5  11,0. 

From  the  last  three  minerals  we  get  the  following  formuljc: 

Native  thomsonite R''',2Al«5(SiOj76(Si30,)8.98H20=l-2-2,2iH ,0. 

Silver  thomsonite R'^3Al^(SiOJ,s(Si3()8)».80H2O= 1-2-2,211/). 

Native  chabazite R'^^l^(Sio/)io(Si30j3o.l09Il2()=l -2  -2,5J  11,0. 

Silver  chabazite R%Al^(Si04)io(Si30H)3o.42Il20=l-2-2,2HA 

Thallium  chabazite R''2iAl4^(Si(),),«(8i3C)J2„.  i5H,0=l  -  2-2, Aq. 

Native  stilbite R^7Al3e(Si04),(Si3(),)32.98H20=l    2-  2,5H,0. 

Thallium  stilbite R%AlsH(8iO4)7(Si3()H)3,.20H2O=l-2-2, Aq. 

The  similarity  of  the  foregoing  fornmla*  is  plainly  evident.  Leav- 
ing water  out  of  consideration,  and  except  in  the  single  case  of  silver 
thomsonite,  the  ratios  agree  closely  with  the  ratios  of  1-2-2  for  the 
monoxide  base,  aluminum,  and  silicic  acid.  It  will  be  seen  that  with 
the  two  silver  derivatives,  compounds  retaining  two  molecules  of 
water  were  formed,  although  in  the  case  of  thomsonite  a  mineral 
hj'drated  with  2i  molecules  of  water  was  taken,  while  the  chabazite 
contained  5^. 

NATROr.ITE. 

The  natrolite  which  was  studied  came  from  Bergen  Hill,  N.  J. 
Two  silver  derivatives  were  made,  fis  follows: 

A.  Natrolite  was  heated  in  a  sealed  tube  with  a  10  per  cent  solution 
of  silver  nitrate,  eighteen  hours  at  120'^  C. 

B.  Natrolite  wjus  heated  in  a  sealed  tube  with  four  times  its  weight 
of  dry  silver  nitrate,  twenty-two  hours  at  250^-290    C. 
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SiO, 


AlA 

Ag,()  c'ombiwed, 

AgjO  free 

CaO 


Na/) 
H,()  . 


A. 

40.  45 
10.24 

20.  48 

.  93 

7.84 


u. 

B.  reduoefl. 

36.  25 
19.36 

:«.  73 

Molecular 
ratioH. 

34.  70 

18.54 

32. 30 

3.91 

100.0 
31.4 
24.0 

2.  50 

.39 

7.  32 

2.61 

.41 

7.64 

100.00 

7.6 

1.0 

70.2 

99.  66 

Both  preparations  were  very  dark,  showing  that  a  (|iiantity  of  free 
silver  oxide  had  been  deposited.  The  compound  formed  is  easily 
decomposed  by  warm  dilute  nitric  acid,  giving  a  j)erfectly  clear  solu- 
tion which  gelatinizes  upon  evaporation.  Under  the  microscope,  it 
showed  perfei^t  crystjillization. 

Neglecting  free  silver  oxide,  residue  R  gives  the  following  formula: 

24Ag,0,  8CaO,  INjuO,  aiALX),,  lOUSiO,,  7UH.,0, 
or,  combining  monoxide  bases, 

R'«,Al,.Si,,A.n.  70lI,O, 

which  corresponds  roughly  to  tiie  fonmila  K.,AI,Si.,(),rt.  2H.^O.  The 
ratios  are  not  so  good  as  could  be  ilcsired,  but  are  clos(^  enough  to  show 
that  this  compound  has  probably  been  formed. 

One  thallium  derivative  was  made  bv  heatiuij:  natrolite  in  a  sealed 
tube  with  six  times  its  weight  of  thallous  nitrate  for  forty -eight  hours, 
at  250-290"  C.     The  analysis  gave  the  following  results: 


SiO,.. 

AlA 
T1,0 . 

CaO . . 

Na/)  . 

H,0^ 


KrsidiH'. 

2(>.  10 
15.59 
55.  ()4 

.67  i 
.34  I 
.51  1 


Molerular 
rat  itw. 


100. 0 

35. 1 

30.  1 

2.S 

1.1 


8.5 


99.51 
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This  compound  is  perfectly  white.  It  is  easily  dissolved  b}'  dilute 
nitric  acid,  giving  a  perfect  jelly  on  evaix) ration. 

The  optical  observations  were:  Double  refmction  h)w,  cleavage  ver- 
tical, extinction  parallel,  probal)ly  biaxial.  It  was  entirely  crystalline. 
The  molecular  proportions  are  as  follows: 

30TI,0,  3CaO,  lNa,0,  35A1,(),,  lOOSiO,,  9H,0; 

or,  combining  monoxide  bases, 

which  corresponds  doseh'  to  the  formula  KjAljjSijO 


10' 


SCOL.KC1TK. 

The  scolecite  used  came  from  Whale  Cove,  on  the  island  of  Gmnd 
Manan,  New  Brunsw  ick. 

One  derivative  was  made  by  heating  the  scolecite  in  a  sealed  tul)e 
with  four  times  its  weight  of  silver  nitrate  six  hours  at  250^-280"^  C. 
The  residue  was  dried  at  about  35'^  C. 


Scolocito. 


SiO. 


Al,03 

^  Ag,0  coml)ine<l 

AgjO  free 

CaO 

Na,0 

H,0     

H/)4^ 


45.8(5 
25.  78 


18.92 
.41 
.40 

13.65 

100.02 


Rcsiduo. 

37.  28 

21.54 

20.21 

6.()7 

5.40 

.44 

.46 

7.  92 


99.  92 


Molecular 
ratiue. 


100.0 
14.0 


15.  5 
1.1 

70.8 


This  residue  was  dark  brown,  owing  to  the  silver  oxide  it  contained. 
On  heating  over  the  low  flame  of  the  Bunsen  burner  in  ordei-  to  reduce 
the  silver  oxide  to  metallic  silver  it  turned  perfectly  white. 

On  attempting  to  mount  this  prepamtion  for  microscopic  examina- 
tion the  balsam  became  very  dark,  which  prevented  any  optical  obser- 
vations f  roni  being  made. 

The  molecular  ratios  for  this  derivative  are: 

14Ag,0,  UiCaO,  lNt^O,  34A1,0„  lOOSiO,,  7lH,0, 
or,  uniting  monoxide  bases. 


li'gjA'aM^hooOas;^  7lH.^O. 


88 


CONTRIBUTIONS   TO   MINERALOGY. 


[bull.  2G2. 


These  proportions  agree  fairly  well  with  the  formula 

R'gAljSisOio.  +aq. 

The  reaction  in  this  case  was  incomplete,  only  a  little  over  one-half 
the  calcium  and  none  of  the  sodium  being  replaced,  but  the  experiment 
shows  that  the  desired  molecule  was  partially  formed. 

ME80L.ITE. 

The  mesolite  studied  was  a  fine  specimen  of  crystalline  material 
from  OsterO,  in  the  Faroe  Islands. 

One  thallium  derivative  was  prepared  by  heating  the  mesolite  in  a 
sealed  tube  with  four  times  its  weight  of  dry  thallous  nitrate  for 
eighty  hours  at  240^-280^  C. 

Its  analysis  and  that  of  the  mesolite  follow: 


Mesolite. 

45.  97 
25.  98 

Residue. 

Molecular 
ration. 

SiO, 

29.11 

16.94 

44.75 

2.90 

.26 

3.  32 

3.06 

100.0 

ALO,  

34.2 

T1,0 

21.7 

CaO 

9.69 

4.79 

1.34 

12.04 

10.8 

NajO 

.8 

H,()- 

ILO-. 

35.  0 

99.81 

100.34 

None. 
5.50 
4.42 

In  the  leach  water: 

Al-0, 

CaO 

Na,0 

The  leached  residue  was  perfectly  white  and  entirely  crystalline^ 
with  parallel  extinction.  It  gave  a  perfectly  clear  solution  with  acid, 
which  gelatinized  on  slight  evaporation. 

The  molecular  ratios  are  as  follows; 

22Tl,O,llCaO,lNa,O,34Al,O3a00SiO„85H,O. 
C/Ombining  monoxide  basses,  we  have 

agreeing  almost  perfectly  with  the  fornuila 

R',Al,Si30io.H,0. 
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These  three  minerals  and  their  derivatives  ^ve  the  following  com- 
parison, when  all  the  monad  and  dyad  bases  are  united  under  R": 

,0««.  72  H,0 


7OH3O 
9H,0 


Native  natrolite R^^agAlgg  Siioov/saj. 

Silver  natrolite R'^saAl^j  SiiyoOjxg- 

Thallium  natrolite R^^^iAl^o  SiiooOjjg. 

Native  scolecite R^^jm A  1«,  SiiopO,,,.  99  1 1,0 

Silver  scolecite R^^siAl^^  SiiooOjaa-  71  11,0 

Native  mesolite R'^ssAl^j^  SiiooOsj,.  87  H^O 

Thallium  mesolite R^^mAI^^  SiiooOsM.  35  Hfi 

Since,  as  others  have  shown,  the  water  in  these  three  minerals  plays 
no  part  in  the  chemical  molecule,  it  has  been  placed  as  a  sepaitite  con- 
stituent in  the  formulae. 

The  i*atios  found  are  not  so  sharp  as  could  be  desired,  nor  have  the 
reactions  been  complete,  but  they  indicate  that  the  three  minerals  are 
all  derived  from  the  trisilicic  acid  HgSisOio. 

Deducting  from  each  of  the  above  formulae  the  water  contained  in 
the  undecomposed  mineral,  which  latter  is  represented  by  the  aimount 
of  alkali  retained  by  the  derivative,  we  have  the  water  contents: 

Silver  natrolite 70  H,0  less  18  H^O  e(^ual8  52  H,0 

Thallium  natrolite  9  H,()  less    8  H,0  equals    1  H,0 

Silver  scolecite 71  H,()  less  50  H,0  equals  21  HjO 

Thallium  mesolite 35  11,0  less  29  H,0  equals    6  H^O 

We  have  here,  as  was  the  case  with  the  thomsonite,  chabazite,  and 
stilbite  derivatives,  silver  compounds  strongl}'  hydrated,  while  the 
thallium  salts  are  practically  anhydrous. 

PECTOL.ITE. 

The  pectolite  came  from  Bergen  Hill,  N.  J.  It  contained  a  small 
amount  of  calcium  carlx)nate  as  an  impurity. 

A  single  silver  derivative  was  made  by  heating  the  pectolite  in  a 
sealed  tube  with  four  times  its  weight  of  dry  silver  nitrate,  for  twenty- 
two  hours  at  240'^-280^  C.  The  residue  was  dried  on  the  water  bath. 
On  analysis  the  following  results,  stated  below,  were  obtained. 


Pectolite. 


SiO,.. 

AlA- 
Ag,0. 

CaO.. 

MnO. 

Na,0. 

H,0- 

H,04- 


53.34 
.33 


33.23 

.45 

9.11 

.27 

2.70 

.67 


Residue.     \ 

39.  05 

.38 

32.  57 

18.13 


Molecular 
mtioN. 


100.0 


21.5 
49.8 


\ 


\Q^.^\ 
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The  derivative  was  dark,  but  on  heating  over  the  bunsen  burner 
the  color  disappeared,  and  on  treating  the  ignited  residue  with  nitric 
acid  red  fumes  were  given  off,  showing  that  a  quantity  of  free  silver 
oxide  was  present.  This  was  not  determined,  but  is  contained  in  the 
figures  given  for  AgjO.  The  silver  oxide  reported  is  therefore  sev- 
eral per  cent  too  high. 

The  compound  is  easily  decomposed  by  warm  dilute  nitric  acid, 
with  the  separation  of  sandy  silica.  A  complex  breaking  up  of  the 
molecule  has  taken  place  and  no  simple  ratios  appear. 

Eli^OIilTE. 

EIreolite  from  Litchfield,  Me.,  was  heated  in  the  usual  way  with 
thallous  nitrate.  An  incomplete  analysis  of  the  leached  residue  gave 
the  following  results: 

In8f)Iiible  in  nitric  acid " 46. 34 

Al,Os 27.90 

T1,0 : 8.50 

Na,0-fK,() 15.40 

Water,  etc undet. 

In  the  leach  water  was  found  2.13  per  cent  of  sodium  and  potassium 
oxides.  The  analysis  shows  that  el»olite  is  but  slightl}'  attacked  by 
treatment  with  thallous  nitrate. 

^.GIIIITE. 

JFjgivito  from  Magnet  Cove,  Arkansas,  was  heated  in  a  sealed  tube 
with  dry  silver  nitrate.  The  following  results  wore  obtained  on  an- 
alysis of  the  leached  residue: 

hiHoluble  in  nitric  acid 91. 22 

Al A  I  Fe/)3 1.18 

CaO small 

AgjC ) 4. 12 

Na,0 58 

Water,  cU' undet. 

This  mineral  has  evidently  been  but  little  altered  b>^  the  action  of 
silver  nitrate. 


DUMORTIERITE. 


By  Waldemar  T.  Sc^haller. 


IX-iuODUCTION. 

Duniortierite  was  discovered  b\'  Gonnard'*  in  November,  1879,  at 
Chaponost,  near  Lyons,  France,  and  was  made  the  subject  of  a  brief 
note  by  E.  Bertrand  in  1880.  The  following  year,  (lonnard  named  the 
mineral  after  Eugene  Duraortier,  the  eminent  French  paleontologist. 

The  mineral  was  known  to  be  new  from  its  optical  properties 
before  its  chemical  composition  was  determined,  its  beautiful  pleoch- 
roism  being  especially  marked.  Damour  soon  after  made  an  analysis 
of  the  mineral,  from  which  he  obtained  the  formula  4  AlgOa,  3  SiOg. 

Specimens  of  this  mineral  from  New  York,  previously  taken  for 
indicolite,  were  studied  by  Diller  and  Riggs  and  shown  to  be  differ- 
ent from  tourmaline.  At  about  the  same  time  dumortierite  from  Ari- 
zona became  known,  and  analyses  of  the  mineral  from  both  localities 
were  made.  These  analyses  all  showed  the  presence  of  l>oric  acid  in 
varying  amounts,  and  also  a  small  qimntity  of  water.  An  occurrence 
of  dumortierite  in  Norway  was  afterward  noted,  and  still  later  several 
localities  in  German}'^  were  mentioned. 

In  1902,  Ford  published  three  analyses  of  dumortierite,  one  on 
material  from  New  York,  a  second  on  material  from  Arizona,  and  a 
third  on  material  from  a  new  locality  in  San  Diego  County,  Cal.  In 
the  same  paper  he  mentions  a  second  new  locality,  the  fourth  one  in 
this  countrv,  in  Skamania  Countv,  Wash.  lie  showed  ))v  his  analvses 
that  dumortierite  contains  boric  acid  and  watc^r  in  nearlv  constant 
amount. 

A  careful  search  for  crystals  was  made  in  a  large  quantity  of  the 
California  mineral,  which  resulted  in  the  finding  of  two  small,  im|>er- 
fect  but  measurable  examples.  On  looking  over  the  Arizona  material 
in  the  National  Museum  a  third  crystal  was  found.  Three  crystals 
were  also  obtained  among  specimens  from  New  York.  These  were 
carefully  measured  and  some  crystallographic  data  were  thus  obtained. 

The  mineral  is  usually  sparingly  present  in  small  fibrous  masses 
scattered  through  the  rock,  making  it  difficult  to  obtain  any  consider- 

a  For  references  8ee  Literature,  pp.  11^120,  thia  bulletin. 
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able  quantit}^  of  it  in  a  pure  condition.  At  the  California  locality  the 
iniueiul  occ^urs  in  large,  pure  manses,  ver}^  favorable  for  cheniical 
investigation.  From  an  analysis  made  by  the  writer  on  the  California 
material,  a  formula  was  deduced  in  which  the  boric  acid  and  water 
have  a  certain  fixed  value.  The  other  analyses  are  discussed,  and  it 
is  shown  that  they  all  agree  fairly  well  with  the  new  formula  proposed 
by  the  writer.  An  analysis  of  the  Washington  dumortierite  is  also 
given.  Ford  tested  the  French  material  qualitatively  for  boric  acid 
and  obtained  a  strong  positive  reaction. 

While  a  more  or  less  complete  study  of  the  mineral  has  been  made, 
it  is  fully  realized  that  in  no  sense  can  the  work  be  called  complete. 
The  material  for  crystal lographic  study  was  poor,  and  it  is  very  much 
hoped  that  better  crystals  will  at  some  future  time  be  found.  The 
determinations  of  optical  constants  are  very  meager,  for  the  usual 
condition  of  occurrence  of  the  mineral  is  not  favorable  to  such  study. 
Only  a  few  analyses  are  available  for  an}^  discussion  of  the  composition 
of  the  mineral,  and  though  dumortierite  does  not  contain  a  large  num- 
ber of  constituents,  many  more  analyses — but  only  extremely  accurate 
and  reliable  ones — will  be  gladly  welcomed. 

It  was  found  that  the  California  material  differed  somewhat  in  it.s 
properties  from  normal  dumortierite.  The  color  is  lavender  instead 
of  blue,  the  pleoc^hroism  is  colorless  to  red  purple  instead  of  blue,  and 
the  mineral  contains  1^  per  cent  titanium  oxide.  It  is  of  esi>ecial  inter- 
est to  correlate  these  differences,  as  it  adds  another  good  example  to 
that  class  of  silicates  which  contain  a  small  amount  of  titanium  and 
(seemingly  thereby)  acquire  a  purple  pleochroism. 

OCCURTIF.NCE8. 

FOREIGN. 

FRANC^E. 

Dumortierite^  is  found  at  several  places  in  the  vicinity  of  Lyons 
(Rhone),  where  it  occurs  in  a  pegmatite  gneiss.  At  Bcaunan,  on  the 
road  fromOullins  to  Chaponost,  it  is  found  in  a  small  quarry  in  gneiss 
in  slender  blue  fibers  in  the  midst  of  veinlets  or  lenses  of  feldspar  and 
pegmatite.  At  Brignais  it  occurs  in  very  small  fibers  disseminated 
throughout  a  white  pegmatite,  associated  with  large  black  tourmalines, 
garnets,  muscovite,  and  cordierite,  the  latter  being  largely  altered  to 
micii.  In  some  cases  bluish  tourmaline  and  dumortierite  have  the  ver- 
tical axis  in  common.  Pseudomorphs  of  mica  after  dumortierite  are 
frequent. 

The  mineral  has  a  good  cleavage  parallel  to  a  {lOO|  and  an  imper- 
fect prismatic  one.  There  are  also  "planes of  separation'"  parallel  to 
the  l)ase.     Twins,  analogous  to  those  of  aragonite,  are  frequent.     The 
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color  38  blue,  sometimes  nearly  black.     IiichLsio»:s  are  not  i)rominent, 
though  bubbles  and  rutile  have  been  noticed. 

The  axial  plane  is  parali(d  to  JJOIO}.  Bx^  (negative)  perpendicular 
to  c  {OOl}.  In  the  twins  the  axial  phines  of  the  two  parts  make  an 
angle  of  al)out  60^.  /3  is  about  l.()5,  and  the  birefringence  is  about  .010. 
The  axial  angle  (2  V^a)  is  near  85"  to  40*^.  The  dispersion  is  ener- 
getic p<,v.  Plcochroism  is  ver}"  strong;  b  =  jC,  colorless  or  very  pale 
blue;  a,  cobalt  blue  or  violet.  Some  of  the  specimens  from  Brignais 
are  of  a  rose-salmon  color,  a  little  redder  than  andalusite.  The  maxi- 
mum absorption  is  (contrar}-  to  that  of  tourmaline)  in  the  direction  of 
elongation  (parallel  to  c).  The  presence  of  idiophanous  figures  is  also 
noted.  According  to  Damour,  the  blue  color  of  the  mineral  may  per- 
haps \)Q  due  to  traces  of  Ti-^Og,  the  presence  of  which  in  the  French 
mineral  has,  however,  not  })een  demonstrated.  It  is  noticed  that  the 
small  fibers  of  dumortierite  are  often  inclosed  in  a  white  mica,  which 
is  gradually  replacing  the  original  mineral. 

GEKMANY    AND   AUSTRIA. 

The  mineral  is  found  near  Schmiedeberg,  Silesia,^  in  the  pegmatite 
of  the  lower  Val  Don})astone,  in  long  fibers  of  a  green  or  greenish- 
blue  color.  These  fibers  have  a  thickness  of  1  mm.  and  reach  a  maxi- 
iiimn  length  of  50  mm.  They  are  often  bent,  and  inclose  pieces  of 
quartz.  On  one  fiber  a  prism  angle  of  Olf^  6'  was  measured.  Pris- 
matic cleavage,  imperfect,  was  noted.  The  pleochroism  is  very  strong: 
C  =  b,  colorless;  a,  pistachio-green.  Cross  sections  show  the  emer- 
gence of  an  acute  bisectrix  (negative),  the  axial  angle  being  somewhat 
smaller  than  that  of  nuiscovite.  With  a  crvstal  refi^actometcr  the 
following  values  for  the  indices  of  refraction  were  obtained: 

a=l.()78 

r=1.689 
y-a=    .011 

An  analysis  of  impure  material  was  also  made. 

In  a  clayey  residue,  the  mineral  has  been  found  at  Imligan,  near 
Chodan,  and  Schobrowitz,  near  Carlsbad,  in  Bohemia,  and  in  clayey 
sandstone  at  Oberbris,  near  Pilsen,  in  Bohemia.  These  residues  are 
probably  formed  from  decomposing  pegmatite,  from  which  the  dumor- 
tierite originally  came.  The  mineral  shows  a  strong  pleochroism; 
a,  deep  carmine  to  smalt  blue  and,  in  places  where  partly  decom- 
posed, dark  olive  to  red  brown;  b,  light  gi'ay  olive  to  colorless.  The 
(negative)  acute  bisectrix  is  parallel  to  the  elongation.  The  obtuse 
bisectrix   is  perpendicular   to   the  cleavage  plates  (</={lOO}).     The 

uSee  Literature,  pp.  llU-120. 
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assofiated  minerals  are  tourmaline,  quartz,  feldspar,  muscovite,  bio- 
tite,  chrysoberyl,  apatite,  garnet,  and  chlorite. 

NORWAY. 

The  mineral  is  found  at  Tvedestrand  in  minute  fillers  in  cordicrite 
gneiss.     The  pleochroism  is  as  follows: 

jC  =  b,  pale  yellow,  almost  colorless, 
a,  intense  colmlt  blue. 

Cross  sections  show  a  prismatic  angle  of  about  60^.  The  birefrin- 
gence (.010)  is  feeble.  Pleochroic  halos  (in  yellow)  are  very  chai"acter- 
istic.  The  axial  angle  (2V)  is  about  35  \  and  the  dispersion  strong 
p  '>v.     The  associated  minerals  are  cordierite  and  sillimanite. 

Romberg  has  described  a  mineral  from  Argentina  (2.51  per  cent 
BjO,)  which  seems  to  resemble  the  California  dumortierite.  The  color 
is  lilac  and  the  pleochroism  similar  to  that  from  California. 

UNITED  STATES. 
NEW  YORK. 

The  minernl  occui-s  in  that  part  of  New  York  City  known  as  Har- 
lem. It  has  been  sparingly  found  as  acicular  crystals  "  aggregated  in 
fasces  or  tuft^  resembling  clippings  of  hair"  in  a  lode  of  red  granite 
extending  southeastward  from  Fourth  avenue  and  One  hundred  and 
twentv-third  street  to  Madison  avenue  at  One  hundred  and  sixteenth 
street.  At  One  hundred  and  seventy-first  street  and  Fort  Washington 
avenue  it  was  found  in  several  pockets  in  a  vein  of  coarse  pegmatite 
in  mica-schist.  The  vein  is  about  3  feet  wide  and  the  pockets  extended 
for  about  80  feet.  The  body  of  the  vein  is  granular  gni\^  quartz,  ortho- 
clase,  and  flaky  nuiscovite.  The  dumortierite  occurs  chiefly  in  the 
orthoclase,  though  it  has  also  been  found  as  long,  filiform  inclusions 
in  the  muscovite,  singh'  and  radiating  from  centers.  It  has  also  been 
noticed  at  Kips  Bay,  near  the  upper  end  of  Riverside  Park,  in  white 
oligoclase,  and  at  Tenth  avenue  and  One  hundred  and  thirtieth  street. 

The  associated  minerals  are  orthoclase,  quartz,  muscovite,  xenotime, 
monazite,  tourmaline,  zircon,  torbernite  (i)^  antunite  (i?),  apatite,  gar- 
net, and  andalusite. 

A  brief  study  of  several  slides  of  the  New  York  City  dumortierite? 
showed  that  the  mineral  occurs  almost  entirely  in  the  orthoclase. 
Very  rarely  is  it  in  the  quartz  or  nuiscovite.  It  is  usually  in  fibrous 
forms,  with  ragged  outlines,  and  in  one  particular  section  an  ortho- 
clase crystal  was  filled  with  minute  threads  of  dumortierite,  arranged 
more  or  less  parallel.     In  these  slides  andalusite  also  was  noticed. 

Mr.  Frederick  Braun,  of  Brooklyn,  N.  Y.,  very  kindW  lent  the 

writer  his  private  collection  of  New  York  dumortierite,  which  prob- 

ah/y  contains  the  iincst   dumortierite  speeiiwew^  iivcv  found  in  that 
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locality.  About  25  specimens  are  shown,  the  best  one  containing  a 
prismatic  group  of  fine  blue  dumortierite  fibers  5  cm.  long  and  from 
one-half  to  1  cm.  thick.  The  rock  is  a  pegmatitic  gneiss,  and  consists 
chiefly  of  quartz  and  feldspar,  with  smaller  quantities  of  biotite,  mus- 
covite,  black  tourmaline,  dumortierite,  and  garnets.  The  dumortierite 
occurs  in  long  prisms,  often  bent,  and  again  broken,  the  space  between 
being  filled  with  the  gneiss  rock.  The  basal  cross  fracture  is  common 
and  the  color  is  often  changed  to  a  dull  gi'ay.  At  times  the  fibers  are 
seemingly  intergrown  with  the  tourmaline  in  parallel  position.  The 
three  cr\'stals  described  later  were  obtained  from  these  specimens. 

As  additional  localities,  Mr.  Braun  gives:  One  hundred  and  first 
street  and  Lexington  avenue,  New  York;  One  hundred  and  eighteenth, 
One  hundred  and  twentieth.  One  hundred  and  twenty-second  streets 
and  Madison  avenue;  One  hundred  and  thirty-eighth,  One  hundred 
and  thirty-ninth,  One  hundred  and  fortieth.  One  hundred  and  forty- 
ninth  streets  and  Mott  avenue;  One  hundred  and  thirty-third.  One 
hundred  and  thirty-fifth.  One  hundred  and  forty-ninth  streets  and 
Hudson  River  Railroad;  One  hundred  and  fortv-ninth  street  and  Sheer- 
ier  place;  One  hundred  and  seventy-first  street  and  Boulevard. 

The  mineral  possesses  a  strong  pleochroism,  ranging  from  colorless 
to  deep  blue,  this  color  being  always  in  the  direction  of  elongation. 
The  extinction  is  parallel  and  the  mineral  orthorhombic.  Cleavage 
jmrallel  to  the  macropinacoid  is  perfect,  these  cleavage  plates  showing 
the  emergence  of  an  obtuse  bisectrix.  An  imperfect  cleavage  parallel 
to  the  base  is  also  noticed,  and  })asal  sections  show  an  imperfect  pris- 
matic cleavage.  Such  sections  show  the  emergence  of  an  acute  bisec- 
trix. The  mineral  is  negative.  The  axial  plane  is  parallel  to  the 
brachypinacoid  and  the  orientation  is  a=JC,  b=b,  c=a.  The  ple- 
ochroism is  JC=b,  colorless;  a,  deep  blue.  Absorption,  a>b=C. 
Some  sections  show  polysynthetic  twinning  lamella?,  but  their  relation 
could  not  be  made  out. 

ARIZONA. 

At  Clip,  Ariz.,  dumortierite  occurs  in  a  quartz  rock  which  has  not 
been  found  in  place  (Doctor  Hillebrand),  l)ut  only  as  loose  bowlders. 
Dumortierite  and  quartz  form  the  principal  mineml  constituents,  k^a- 
nite,  magnetite,  and  muscovite  being  present  in  subordinate  amounts. 
The  rock  is  fine  grained  and  has  a  blue  color  due  to  the  dumortierite. 

Under  the  microscope,  a  section  of  the  rock  showed  numerous 
small  lath-shaped  prisms  of  dumortierite  placed  in  every  direction  in 
a  mass  of  allotriomorphic  quartz,  with  several  large  blades  of  musco- 
vite and  abundant  magnetite,  and  a  little  apatite  and  rutile.  Feldspar 
seems  to  be  entirely  absent. 

The  dumortierite  has  the  usual  colorless  to  blue  pleochroism  and 
presents  normal  properties.  In  the  slide  studied  it  is  very  fresh  and 
shows  no  signs  of  alteration,  the  muscovite  present  being  primary* 
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The  quartz  grains  are  (relatively)  fairly  large  and  are  not  crushed 
like  those  of  the  California  rock.  The  rock  seems  to  have  undergone 
no  dynamic  change  after  its  formation. 

The  pale-green  kyanite  has  been  analyzed  by  Dr.  W.  F.  llillebrand 
with  the  results  given  below: 

8iO, 36.30 

AlAl-l-TiOa) 62.51 

FeA 70 

FeO undet. 

CuO...: tr. 

Ign 40 

99.91 
Specific  gravity 3.656  at  18.5 

CALIFORNIA. 

This  occurrence  was  first  mentioned  by  Ford,  and  an  analysis  of  the 
dumortierite  was  given  by  him.  The  writer  made  a  brief  visit  to  the 
locality  in  the  summer  of  1903  and  collected  a  large  quantity  of  mate- 
rial, which  permitted  a  rather  complete  study  of  the  mineml.  The 
writer's  thanks  are  due  to  Mr.  John  A.  Thoman,  of  San  Diego,  the 
owner  of  the  property,  for  permission  to  visit  the  interesting  locality 
and  for  the  privilege  of  collecting  specimens. 

The  mineral  occurs  in  a  dike  a  few  miles  east  of  Dehesa,  San  Diego 
County,  and  is  not  far  from  the  orbicular gabbro  described  by  Professor 
Lawson."  Tiie  general  country  rock  of  the  region  is  granite,  in  which 
occur  large  masses  of  gabbro,  of  which  the  orbicular  rock  is  a  peculiar 
phase.  Both  the  gabbro  and  the  granite  contain  many  dikes,  and  it  is 
in  one  of  these  dikes,  in  decomposed  biotite-granite,  that  the  dumor- 
tierite occurs.  This  dike  has  a  length  of  about  1,000  feet  and  a  thick- 
ness of  about  30  or  40  feet,  strikes  S.  70°  E.,  and  has  a  dip  of  about 
70O  N.  20°  E. 

The  rock  consists  chiefly  of  quartz  and  either  sillimanite  or  dumor- 
tierite. Feldspar  is  entirely  absent  from  the  dike.  The  dike  may  be 
divided  into  an  upper  and  lower  part,  according  to  the  characterof  the 
rock.  The  upper  part  is  fine  grained  and  consists  of  quartz  and  silli- 
manite; the  lower  part  is  coarse  grained  and  consists  of  quartz  and 
dumortierite. 

The  upper  part,  forming  about  one-half  the  dike,  is  a  fine-grained 
white  saccharoidal  rock,  sometimes  of  a  grayish  color,  and  never  con- 
tains any  dumortierite.  It  possesses  a  more  or  less  schistose  structure 
and  cleaves  off  into  blocks  parallel  to  the  dip.  A  little  muscovite  is 
sometimes  present,  small  crystals  of  titanium  oxide  are  abundant,  and 
occa^sionally  a  little  pyrite  is  seen. 

*  ^'  ■■■■■  ■»■!  —  I- . -  -  .—  ■■■-  —  .        —  -  ^.  ■  ,  »■  .1  IM 
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Microscopically  the  rock  is  composed  of  allotriomorphic  (juartz, 
sillimanite  prisms  arranged  in  parallel  bands  (schistose  structure),  a 
little  muscovite,  probably  secondary,  and  accessory  titanite,  titanium 
oxide,  rutile  (?),  pyrite,  apatite,  zircon,  and  corundum. 

The  sillimanite  occurs  both  as  short  and  long  prisms.  The  former 
are  usually  grouped  together  in  parallel  bands  which  may  iiin  across 
the  entire  slide  or  ma}'^  pinch  out  at  both  ends,  forming  a  very  flat 
lens.  The  prisms  are  short  and  stout,  usually  more  or  less  ragged  in 
outline,  with  many  transverse  fractures.  The  several  parts  of  a  single 
prism  thus  broken  are  at  times  considerably  displaced.  Again,  an 
entire  row  of  prisms  may  be  broken  and  displaced.  The  displacement 
is  always  in  the  direction  of  elongation  of  the  prism.  The  ends  are 
usually  more  or  less  rounded,  and  macropinacoidal  cleavage  is  some- 
times well  developed.  Some  nearly  square  cross  sections  show  diag- 
onal cleavage.  Titanium  oxide  and  zircon  are  at  times  inclosed  in  the 
prisms.  These  prisms  occasionally  show  slight  alterations  and  at  times 
seem  to  have  been  entirely  removed,  forming  either  an  opaque  mass 
or  leaving  just  the  outlines  of  former  prisms  behind. 

The  long,  slender  prisms  are  placed  at  all  angles  and  are  not  grouped 
in  bands  as  the  others  are.  The  edges  are  sharp  and  the  ends  are 
often  terminated  by  two  faces,  forming  a  spear.  These  prisms  are 
usually  smaller  than  the  others  and  decrease  in  thickness  until  they 
are  so  narrow  as  to  become  entirely  opaque.  These  straight  hair- 
like inclusions  were  at  first  taken  for  rutile  or  magnetite,  but  it  is 
thought  they  are  merely  sillimanite  prisms  of  extreme  thinness. 

Optically  the  two  forms  are  identical,  and  are  to  be  classified  as 
sillimanite.  The  relief  is  distinct  and  birefringence  is  rather  strong. 
The  direction  of  elongation  is  always  an  axis  of  minimum  elasticit}'. 
The  crystals  are  nonpleochroic  and  always  extinguish  parallel.  Pleo- 
chroic  halos  were  not  observed. 

The  quartz  is  allotriomorphic  and  is  usually  much  cracked.  In  gen- 
eral the  principal  cracks  are  pamllel  to  the  bands  of  sillimanite,  while 
cracks  perpendicular  to  these  bands  are  also  numerous.  Many  trans- 
verse irregular  cracks  also  occur.  Some  of  the  quartz  grains  seem  to 
have  been  slightly  displaced,  and  the  cracks  thus  fonned  been  filled 
with  secondary  quartz.  Sometimes  the  bands  of  sillimanite  have 
caused  **augen"  to  form.  In  places  the  quartz  shows  large  liquid 
inclusions,  and  strings  of  small  inclusions,  though  not  common,  some- 
times occur.  Besides  the  inclusions  mentioned  and  the  accessory 
minerals,  the  quartz  contains  in  places  a  large  amount  of  very  fine 
opaque  dust,  possibly  magnetite.  Such  sections  of  the  quartz  as 
remain  dark  under  crossed  nicols  show  a  uniaxial  cross  with  a  positive 
sign  in  convergent  light. 

Of  the  accessory  materials,  titanium  oxide,  probabl}'  rutile,  occurs 
in  the  greatest  abundance.     A  few  grains  are  probably  titan ite,  but 
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the  majority  of  the  small  sharply  defined  crystals  are  probably  rutile. 
They  are  at  times  slightly  dichroic  (yellow  to  brown),  and  occur  in 
equidiametral  crystals.  Some  of  the  crystals  in  the  bands  of  silliman- 
ite  have  been  crushed  and  len^^thened  out.  In  one  case  a  crystal  of 
corundum  was  inclosed  in  rutile.  Zircon  is  also  widely  distributed  in 
irregular  grains,  usually  of  minute  size.  Occasionally  a  large  piece 
has  roughly  the  usual  crystal  outline,  but  seems  to  have  been  more  or 
less  corroded.  One  large  crystal  inclosed  sevei"al  small  rutiles.  The 
order  of  crystallization  of  the  minerals  seems  to  have  been  as  follows: 
Corundum,  rutile  (and  titanite),  zircon,  sillimanite,  and  quartz.  It  may 
be  that  there  are  two  generations  of  sillimanite.  Those  long,  slender 
sharp  crystals  in  the  quartz  may  have  formed  after  the  crystals  in  the 
bands. 

An  analysis  of  the  rock  was  made  by  the  writer,  giving  the  results 
tabulated  below: 

SiO, 75.64 

AljO, 18.65 

FejOj 35 

FeO -  .06 

MgO none 

CaO 03 

Alk none 

H,0- 1.10 

H,OH- 3.67 

TiOa 48 

Zt(\ 06 

PjOs trace 

FeS^ 10 

100.04 

The  large  amount  of  water  present  is  difficult  to  explain.  The 
inchisions  in  the  quartz  account  for  some,  and  assuming  thcpresence 
of  some  water  due  to  incipiejit  alteration  in  the  sillimanite,  there  is 
still  a  large  amount  unaccounted  for. 

From  the  analysis,  neglecting  the  water  and  accessory  minerals,  the 
composition  of  the  rock  is  c*alculated  as  consisting  of 

Quartz 6tl 

Sillimanite 31 

Deducting  the  water  and  other  accessory  minerals  of  the  rock  we 
obtain  the  following  comparison: 


Analysis 
rocnlculati'd. 


Calculated  for 

above 
compofiltion. 


SiOj !  80.  3  I  80.  5 

AlA .\.... 19.7  19.5 
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As  we  approach  the  middle  of  the  dike  the  rock  loses  its  schistose 
structure,  becomes  coarser,  and  we  find  occasional  masses  of  dumor- 
tierite,  which  are  more  and  more  abundant,  imtil  finally  we  come  to 
what  is  called  the  lower  part  of  the  dike,  consisting  of  abundant  dumor- 
tierite  and  quartz.  Very  rarely  a  small  black  tourmaline  or  garnet  is 
seen.  Muscovite  is  more  or  less  abundant  throughout  the  entire 
lower  part,  and  in  places  forms  an  essential  part  of  the  rock. 

The  lower  part  of  the  dike  differs  in  many  ways  from  the  upper. 
No  schistose  structure  is  apparent;  the  rock  is  very  coarse  and  has  a 
mottled  appearance,  due  to  the  dark  bunches  of  dumortierite  on  the 
white  quartz  background. 

Some  masses  of  dumortierite  are  very  large,  examples  5  by  3  by  3 
cm.  being  not  uncommon.  They  usuall}'^  have  a  radiated  columnar 
structure  and  break  off  nearly  parallel  to  the  base  in  fairly*plane  sur- 
faces, which  on  large  pieces  become  somewhat  bowl  shaped.  As  the 
various  fibers  are  not  strictly  parallel  but  radiating,  the  breakage  can 
only  be  approximately  at  right  angles  to  the  general  elongation  of  the 
fibers.  These  masses  of  dumortierite  weather  from  the  rock  and 
stand  out  very  prominently.  They  usually  have  numerous  cleavage 
ci^acks  parallel  to  the  base.  The  color  of  the  mineml  is  lavender, 
resembling  to  some  extent  compact  rubellite.  Connected  with  this 
unusual  color  is  the  unusual  pleochroism  that  the  mineral  possesses, 
being  from  colorless  to  red  purple  instead  of  blue. 

The  quartz  is  coarse  grained  and  has  a  slight  greasy  appearance.  It 
sometimes  occurs  in  large  masses  free  from  dumortierite.  Magnetite 
is  present  in  small  grains  as  well  as  titanium  oxide— rutile  (?).  An 
analysis  of  a  sample  of  pure  quartz  was  made  to  prove  the  absence  of 
anv  feldspar  or  other  silicate.     The  analvsis  follows: 

SiOj 98.78 

Fe,Os  (total) 45 

CaO :.       .10 

MgO '. none 

TiO, 61 

P3O5 trace 

99.  94 

A  rarer  phase  of  the  rock  consists  of  (|uartz,  muscovite,  and  dumor- 
tierite, which  is  here  present  in  small  pieces  but  a  few  millimeters  or 
less  thick.  The  mica  is  here  an  essential  constituent  of  the  rock  and 
in  places  becomes  abundant. 

Microscopically  the  minerals  present  in  the  lower  part  of  the  dike 
are  seen  to  be  dumortierite  and  quartz,  with  muscovite  and  silliman- 
ite  in  small  quantities,  together  with  accessory  magnetite,  titanite, 
rutile  (?),  apatite,  and  zircon,  as  well  as  a  number  of  small  undeter- 
mined inclusions.  The  dumortierite  occurs  in  irregular  masses  with 
ragged  outline,  often  resembling  in  shape  the  hornblende  of  a  diorite. 
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Again,  it  fornus  fan-shaped  radiating  masses,  sometimes  of  large  size. 
Irregular  })roken  fibrous  masses  also  occur  scattered  through  the  slide. 
The(|uartz  is  allotriomorphic  and  is  butslightl}^  crac^ked.  It  is  rather 
full  of  incUisions  in  places.  With  the  exception  of  a  little  muscovite 
there  are  no  secondary  minemls  present. 

The  common  fonii  for  the  dumortierite  is  shown  in  radiated  fanlike 
masses  that  var}^  considerably  in  size.  When  the  entire  piece  is  larger 
than  a  quadrant,  parts  of  the  black  cross  (seen  in  spherulites)  are  seen 
when  the  nicols  are  crossed.  These  fan-shaped  pieces  are  probably 
the  results  of  an  incomplete  spherulitic  growth.  The  most  perfect  one 
consists  of  but  half  a  circle.  On  certain  parts  no  radiated  fibers  are 
detectable,  the  (prismatic)  cleavage  lines  being  perfectly  parallel. 
Some  of  the  pieces  become  decidedly  fibrous  toward  the  ends,  and  the 
various  individual  fibers  depart  somewhat  from  true  parallelism.  In 
between  these  fibers  fine-grained  aggregates  of  muscovite  can  often 
be  seen. 

A  number  of  pieces  showed  a  (secondary?)  growth  of  fibers,  which 
are  probably  in  all  cases  dumortierite,  as  with  high  powers  a  faint 
pleochroism  can  be  detected.  They  were  at  first  thought  to  be  silli- 
manite,  but  the\'  agree  in  all  their  properties — so  far  as  can  be  deter- 
mined— with  dumortierite.     These  fibers  can  })e  classed  in  two  part«. 

Those  in  the  first  part  seem  to  have  been  formed  as  a  secondary 
growth  on  the  main  masses  of  dimiorticrite.  The  fil>ers  branch  out 
considerably  and  often  form  a  radiating  fringe  around  an  entire  sec- 
tion of  the  mineral.  They  penetrate  the  quartz  grains,  and  interstitial 
muscovite  is  absent.  The  line  where  they  join  the  main  mass  of  the 
mineral  is  usually  fairly  well  defined.  In  general,  the  fibers  are  nor- 
mal to  the  edffe  of  the  main  mass,  but  local Iv  thev  varv  considerablv, 
especially  where  tlu\v  form  fanlike  groups. 

The  fillers  of  the  second  class  clearly  represent  a  stage  in  the  alteni- 
tion  of  the  dumortierite  to  nmscovite.  The  solid  mass  of  dumortierite 
becomes  fibrous  and,  at  the  edges,  }>reaks  up  into  small  fibers,  which 
gradually  become  loose  from  the  parent  mass.  I'he  space  where  they 
formerly  joined  is  now  occupied  by  a  granular  mass  of  muscovite, 
which  also  tills  the  spaces  Ijctween  the  fibers.  Gradually  this  process 
goes  on  until,  finally,  we  have  a  large  mass  of  granular  muscovite  in 
which  are  embedded  a  few  fil)rous  prisms  of  the  original  mineral. 
Fig.  6  shows  diagrammatically  a  stage  in  the  process. 

Basal  sections  present  an  entirely  difierent  appearance.  The  macro- 
pinacoidal  cleavage,  so  well  developed  on  th<^  New  York  mineral,  does 
not  show  on  the  sections  of  the  (.'alifornia  mineral.  The  imperfect 
prismatic  cleavage  is  present  and  divides  the  section  up  into  a  multi- 
tude of  irregular  bodies.  Occasionally  there  is  a  short  crack  parallel 
to  the  l)rachypinacoid,  and  it  may  be  that  the  mineral  possesses  an 
imperfect  interrupted  brachypinacoidal  cleavage. 
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The  pripiinatic  cleavage  wan  found  to  be  pamllel  to  the  prism  {21')}. 
A  lai^  number  of  mea^urementM  gave  as  the  angle  (OIO) .'  rleavage 
cracks  6ii'^-67% avei-aging  64"^-65'^.  The  tingle  {Oln}  A  {aio}  is  m'^  01'. 
The  cleavage  cracks  are  irregular,  and  it  was  difficult  to  obtuin  any 
accurate  measui-cinents,  but  the  ones  made  are  sufficient  to  determine 
the  cleavage.  They  were  measured  against  the  trace  of  the,  optic  axial 
l>l»ne. 

Polysynthetic  twinning  lamelhe  were  ol»served  ti  number  of  times, 
and  in  one  particular  section  (the  same  on  which  the  prismatic  cleav- 
age was  nieasuretl)  were  tietcrminable  to  a  certain  extent  The 
alternate  tamella;  extinguished  togethti  the  differentc  in  angle  of 
extinction  of  two  adjacent  hun<  llii  bnng  about  ^1  Ihc  Unc  ]oinmg 
these  lamella!  is  parallel  to  the  tleaingeoi  tii  tin  pii-m  {21"}  The 
trace  of  the  axial  plane  is 
parallel  (or  nearly  so)  in  ad- 
jacent lamellue. 

The  pleochroism  of  the 
mineral  is  l)eautiful,  espe- 
cially if  the  section  be  not 
too  thin,  C=  '/  is  colorhsss, 
b=  /i  is  colorless  to  very 
faint  pink,  a=  r  is  deep-red 
purple.  None  of  the  sec- 
tions entirely  possess  the 
ordinary  blue  pleochroism. 
In  some  slides,  however, 
there  are  certain  small  areas 
of  varied  and  irregular  shape 
which  do  show  the  ordinary 
pleochroism.  These  small 
blue  areas  in  the  I'ich  red- 
purple  background  make  a  most  Ix'autiful  combination.  On  some 
sections  a  large  area  will  have  a  faint  bluish-purple  color,  as  if  inter- 
mediate between  tlie  deep-blue  and  the  red  purple. 

This  California  dumortierite  contains  about  1^  per  cent  titanium 
oxide,  which  is  considered  »:*  Ti^O,,  replacing  part  of  the  alumina. 
Correlating  these  facts  with  the  other  known  instances,  it  seems  as  if 
the  presence  of  the  titanium  controlled  the  occnrrence  of  this  purple 
pleochroism.  Samples  of  the  Wa-shington  and  Arizona  mineral,  free 
from  titanite  and  rutiie,  and  which  possess  the  ordinary  colorless  to 
blue  pleochroism.  were  tested  qualitatively  for  titanium  with  hydro- 
gen peroxide,  with  a  negative  result  in  each  case.  One  might  conclude, 
therefore,  that  in  those  areas  of  »  dumortierite  section  in  which  the 
color  is  blue  there  is  no  titanium;  that  they  are  molecular  centers,  so 
to  speak,  whicli  are  free  from  titanium.    The  altsorption  of  the  mineral 
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is  a>b=C.  Optically  it  is  negative,  the  acute  bisectrix  a  being 
normal  to  the  base.  The  axial  plane  is  parallel  to  the  brachypinacoid. 
The  birefringence  is  higher  than  that  of  quartz,  though  only  by  a 
small  amount. 

The  sections  of  dumortierite  show  that  inclusions  are  rare.  The 
masses  of  mineral  are  usually  pure,  muscovite  being  about  the  onl}- 
mineral  included,  and  this  is  not  strictly  an  inclusion,  as  it  is  a 
secondary  product,  forming  along  the  fibrous  crac*ks  of  the  mineral. 
In  one  basal  section  a  number  of  rutile  (?)  crystals  were  observed,  but 
such  inclusions  are  verv  rare. 

The  quartz  occurs  in  large  allotriomorphic  grains,  but  little  cracked 
and  sometimes  almost  free  from  inclusions  and  again  thickly  crowded 
with  them.  In  no  way  does  the  quartz  show  the  effect  of  pressure  as 
the  quartz  of  the  upper  part  of  the  dike  does.  Occasionally  when  the 
nicols  are  crossed  the  color  of  a  quartz  grain  will  be  somewhat 
banded,  these  bands  occurring  on  several  grains,  being  pai*allel 
throughout  the  entire  slide.  The  inclusions  arc  sillimanite,  magnetite, 
rutile  (?),  and  an  undetermined  mineral. 

The  rock  composing  the  dike  is  doubtless  an  igneous  plutonic  rock. 
There  would  seem  to  have  been  an  interruption  in  the  stage  of  forma- 
tion of  the  entire  dike.  The  upper  or  sillimanite-bearing  part  was 
more  or  less  completely  formed  when  a  mass  was  pushed  into  the  place 
now  occupied  by  the  lower  part  of  the  dike.  This  mass  exerted  a 
great  pressure  on  the  already  partly  formed  upper  part,  giving  it  its 
schistose  structure.  Boric  acid  in  large  amount  was  in  the  lower 
mass.  Possibly  it  was  a  later  intrusion  and  may  have  caused  the 
increase  in  pressure  of  the  lower  mass,  which  gradually  cooled  and 
formed  a  borosilicate  (dumortierite)  and  quartz.  The  absence  of 
dumortierite  in  the  upper  part  would  seem  to  indicate  that  the  addi- 
tion of  boric  acid  to  the  entire  mass  was  a  later  incident,  and  had  the 
original  magna  cooled  without  this  exti*a  intrusion  the  rock  would 
have  been  uniform  and  would  have  consisted  of  an  aluminum  silicate 
(sillimanite  or  andalusite)  and  quartz.  The  intrusion  of  the  boric  acid 
could  not  change  the  character  of  the  upper  part,  which  had  already 
(at  least  partially)  formed,  })ut  it  did  change  the  character  of  the 
lower  part.  May  it  be  that  the  pressure  determined  the  formation  of 
sillimanite  instead  of  andalusite? 

WASIIINOTOX. 

Ford  mentions  this  occurrence  of  dumortierite  and  gives  as  the 
locality  "the  headwaters  of  the  North  Fork  of  the  Washougal  River 
in  Skamania  County,  Wa^h."  Mr.  Brereton,  of  Woodstock,  Oreg., 
very  kindly  sent  the  writer  a  niunber  of  specimens,  which  form  the 
basis  of  the  following  notes. 

A^  Ford  states,  the  dumortierite  occurs  in  a  new  habit,  l>eing  present 
as  small  spberulites  up  to  3  mm.  in  dVameteY, 
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The  roi'k  in  which  they  occur  is  a  light-colored,  tine-grained  rock, 
containing,  besides  the  blue  spherulites,  patches  of  a  compact,  soft, 
light-green  mineral,  shown  to  be  muscovite.  While  the  exposed  sur- 
face of  the  rock  is  dark,  the  fresh  portion  light  gray,  rarely  becoming 
almost  white.  Sometimes  the  dumortierite  occurs  so  abundantly  as  to 
color  the  entire  rock  blue.  Pyrite  is  also  present  and  in  places  is  very 
abundant. 

Under  the  microscope  the  rock  is  seeii  to  be  very  fine  grained  and 
to  consist  of  quartz,  muscovite,  and  andalusite  in  nearly  equal  propor- 
tions. The  porphyritic  spherulites  of  dumortierite  form  a  striking 
feature  in  the  fine-grained  rock.  The  pale-green  patches  before  men- 
tioned are  seen  to  be  muscovite.  Pyrite  is  abundant,  and  a  few  grains 
of  magnetite  (ilmenite?)  surrounded  by  leucoxene  are  also  present. 
In  places  the  leucoxene  is  abundant. 

The  andalusite  occurs  as  short  laths  with  a  square  cross  section  and 
also  as  irregular  more  or  less  opaque  masses  without  definite  shape. 
They  are  probably  in  some  stage  of  alteration,  possibly  to  muscovite. 
While  usually  very  minute,  the  laths  occasionally  become  quite  large 
relativ^ely.  In  general,  the  andalusite  surrounding  the  larger  spheru- 
lites is  much  coarser  than  the  main  mass,  though  there  are  numerous 
exceptions.  W^hen  clear  and  transparent,  the  laths  exhibit  the  normal 
properties  of  andalusite.  The  relief  is  moderate  and  the  birefringence 
low.  Imperfect  prismatic  cleavage  is  sometimes  seen.  The  prisms 
are  nonpleochroic  and  pleochroic  halos  are  absent.  Extinction  is 
always  parallel.  The  elongation  is  always  in  the  direction  of  maximum 
elasticity. 

Sillimanite  seeoLs  to  be  entirely  absent.  Muscovite  occurs  in  the 
green  masses  and  also  in  minute  particles  distributed  throughout  the 
entire  rock.  Nowhere  docs  it  occur  in  plates,  as  it  normally  does  in 
granite,  but  everywhere  it  is  in  minute  pieces.  A  good  deal  is  prob- 
ably derived  from  the  alterations  of  the  andalusite  and  dumortierite, 
and  it  may  be  possible  that  all  of  it  is  secondary — that  the  rock  origi- 
nally consisted  essentially  of  quartz  and  andalusite.  An  analysis  of 
the  green  mineral  was  made  on  a  small  amount  of  material,  containing 
also  some  andalusite  and  ((uartz.  It  shows  the  mineral  is  muscovite, 
thus  corroborating  the  microscopic  evidence. 

SiO, 50.13 

A1,0, 32.37 

Fe,Oa  (total) 1.52 

MgO 09 

CaO 15 

H,0- 1.74 

H,0+ 5.08 

K,0 9.60 

100.68 
Specific  gravity 2. 80 
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The  quartz  occurs  in  allotriomorphic  grains,  which  are  so  minute  and 
so  mixed  with  the  andalusite  and  muscovite  that  recourse  was  had  to 
chemical  analysis  to  verify  their  determination  as  quartz. 

The  dumortierite  occurs  in  small  spherulites  scattered  throughout 
the  rock  and  occasionally  bunched  together  to  form  a  large  patch  of 
blue.  On  an  average  they  reach  a  diameter  of  from  one-half  to  1  mm. 
Their  shape,  while  in  general  circular,  is  often  elliptical  and  may 
become  very  irregular  in  places.  They  consist  of  fiters  radially 
arranged  and  show  the  optical  phenomena  of  ''spherulites."  The 
dumortierite  has  parallel  extinction,  and  its  birefringence  is  somewhat 
higher  than  that  of  the  quartz  and  also  slightly  more  than  that  of 

the  andalusite,  though  the 
difference  between  that  of 
the  latter  two  minerals  is 
veiy  small. 

The  inten^it}'^  of  the  ple- 
ochroism  of  the  dumortier- 
ite varies,  so  that  in  some 
spherules  there  are  concen- 
tric bands  of  fibers  differing 
greatly  in  the  depth  of  their 
color.  Some  spherules  are 
almost  colorless,  and  it  was 
at  first  thought  the}'  might 
be  parallel  growths  of  anda- 
lusite with  the  dumortierite, 
but  such  a  conclusion  could 
not  be  verified. 
The  fibers  are  not  alwavs 
perfectly  radial.  They  are  at  times  gathered  into  "'brushes,-'  and  a 
number  of  these  put  together  may  form  a  spherulite.  The  fibers  are 
thus  more  thickly  crowded  in  some  places  than  elsewhere,  and  this 
frequently  results  in  intensifying  the  pleochroisni,  so  that  in  some 
spherulites  there  are  numerous  blotches  of  blue  of  nmch  deeper  color 
than  the  rest.  Muscovite  is  frequently  plentiful  in  a  spherulite,  being 
formed  between  the  fibers,  and  is  jirobiibly  an  alteration  product  of 
the  dumortierite.  Frequently  a  mass  of  dumortierite  will  be  almost 
completely  changed  to  mica,  leaving  but  small  fmgments  of  the 
original  mineral  behind. 

The  fibers  of  dumortierite,  while  usually  arranged  nidially,  some- 
times assume  different  shapes,  and  some  of  the  masses  of  dumortierite 
seen  under  the  microscope  are  reproduced  in  tig.  7. 

Fig.  7  shows  variations  from  typical  spherulitic  form  that  the  fibers 
of  dumortierite  assume,     a  is  four  prisms  irregularly  joined  at  the 
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center,  the  ends  spreading  out  into  •'brushes"  of  fine  fibers.  This 
form  is  fairh'^  abundant,  h  forms  a  prismatic  portion  becoming  fibrous 
at  both  ends,  and  while  common  in  the  New  York,  Arizona,  and  Cali- 
fornia occurrences,  is  a  mre  type  for  Washington  dumortierite.  c 
forms  a  sort  of  fan  and  is  composed  of  several  ''brushes"  joined  to- 
gether. It  is  a  common  type,  d  is  an  elliptical  spherulite.  ^  is  a 
mass  of  prisms  such  as  S,  but  not  spreading  out  as  a  does.  It  is  of 
rarer  occurrence,  y  is  a  bunch  of  radial  fibers  with  no  prismatic  stem 
as  in  e.     It  is  fairly  common. 

To  confirm  the  microscopical  determination  of  the  minerals  of  the 
rock  a  chemical  analysis  was  made  by  the  writer  of  a  fresh  sample  of 
the  rock.     The  results  obtained  are  shown  below. 

SiO, 57.18 

AlA 34.10 

Fe,Os 54 

FeO 28 

MgO 10 

CaO 63 

Na,0 39 

KjO 2^57 

H,0- 69 

H,0+ 2.02 

TiO, 66 

ZrOj 02 

CO, none 

PA 53 

Fe8, 28 

MnO none 

BaO 04 

SrO trace? 

LigO none 

100.03 

Out  of  200  grams  of  rock,  4.3  grams  of  dumortierite  were  obtained. 
Some  was  doubtless  lost,  and  the  sample  still  containexi  some  andalu- 
site,  but  2  to  2i  per  cent  would  approximately  represent  the  amount 
of  dumortierite  present. 

The  mineralogical  composition  of  the  rock  is  about  as  follows: 

Andalu&ite 35 

Dumortierite 2 

Quartz 32 

Muscovite 27 

Accespories 4 

100 
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The  accessories  consist  of  pyritc,  magnetite,  possibly  ilmenite, 
leucoxene,  and  apatite.  Considering  the  dumortierite  as  andalusite 
and  calculating  the  soda  in  the  analysis  as  potash,  we  get  the  following 
comparison: 


Calculated 
composition. 


SiO, '  57.66 

AlA 33.81 

K,0 : 3.19 

H,0 :  1.22 

Accessories 4. 12 


100.00 


Found. 


57.18 

34.10 

3.16 

2.02 

3.54 


100.00 


It  is  interesting  to  compare  the  minerals  from  the  three  western 
oc<iurrences,  where  feldspar  is  entirely  absent,  and  the  rock  in  each 
case  is  composed  (essentially)  of  the  following  materials: 

Arizona :  Dumortierite,  quartz,  muscovite,  kyanite. 

California :  Dumortierite,  quartz,  muscovite,  sillimanite. 

Washington :  Dumortierite,  quartz,  muscovite,  andalusite. 

As  the  three  minemls,  kyanite,  sillimanite,  and  andalusite  have  the 
same  chemical  composition,  the  composition  of  the  entire  rock  is  prob- 
ably also  similar. 

CH YSTAIiT^OGUA  PI  I Y. 

While  the  writer  was  at  the  California  localit}^  ho  made  special 
search  for  crystals  of  dumortierite,  but  is  forced  to  the  conclusion 
that  good,  perfect  crystals  of  the  mineral  are  yet  to  be  found.  A 
large  quantity  of  seemingly  promising  material  was  collected  and 
afterward  carefully  examined  with  a  lens.  One  minute  cry-^tal  was 
found  showing  several  fairly  good  faces  in  the  prismatic  zone  and, 
when  mounted  on  the  goniometer,  presenting  minute  terminal  planes 
giving  poor  reflections.  Further  search  afforded  aiiother  crystal 
showing  several  prismatic  faces  but  no  terminations. 

The  collection  of  specimens  of  dumortierite  from  Cli]),  Ariz.,  in  the 
United  States  National  Museum,  was  examined,  and  on  one  specimen 
was  found  a  small  crystal  showing  two  prism  faces  and  a  dome.  Fur- 
ther, three  small  crystals  were  obtained  from  the  New  York  min- 
eral. On  this  poor  material  the  following  work  is  based.  The  lesults 
obtained  are  perhaps  not  accumte,  but  are  the  best  that  could  be 
obtained.  The  California  and  New  York  crystjils  are  long  ])i'ismatic, 
while  the  Arizona  crystal  may  be  teniied  short  prismatic. 
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The  mineral  is  orthorhombic,  and  from  the  various  measurements 
the  following  axial  elements  have  been  calculated: 

a -.8897 
6^=.  6871 

The  crystals  were  measured  with  the  two-circle  goniometer,  and  the 
values  iorpf,  and  j^,  from  which  the  alx)ve  ratios  are  obtained,  are 

i>,=  .7723 

//,,=  .  6871 

The  forms  observed  are  as  follows: 


h 

a 

I 

m 

9 
n 
d 


OOO: 

ooO 

002: 

;oo     : 

=  §00  = 
2 

=  200  — 

2 
r  =  ?0   =203 


010 
100 
120 
110 

320 

210 

102 


Besides  these  forms,  reflections  were  obtained  from  several  other 
minute  faces,  but  they  were  so  minute,  and  the  reflections  so  poor,  that 
their  validity  is  very  questionable  and  they  are  omitted  from  the  fore- 
going list.  The  averages  of  the  measured  angles,  compared  with  the 
calculated  values,  are  shown  in  the  following  table: 


Letter  and  nyinbol. 


h  =Oqo  =010. 
a  =«  0=100 
/  =oo2=120 
1/1=00  =110 
g  =100=320 

n  =2oo  =210 
d  =i0  =102 
V  =|0  =203 


Measured. 

Caleii 

lated. 

«. 

p. 

9' 

P- 
o 

o 

/ 

o 

/ 

o 

/ 

/ 

0 

00 

90 

00 

0 

00 

90 

00 

91 

23 

90 

00 

90 

00 

90 

00 

29 

19 

90 

00 

29 

20 

90 

00 

49 

01 

90 

00 

48 

20 

90 

00 

59 

49 

90 

00 

59 

19 

90 

00 

fi5 

23 

90 

00 

66 

01 

90 

00 

91 

21 

21 

46 

90 

00 

21 

07 

87 

39 

2« 

58 

90 

00 

27 

14 
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The  bmchypinacoid  is  present  on  four  crystals,  usually  as  broad 
faces.     Some  give  relatively  good  reflections. 

The  macropinacoid  occurs  on  all  crystals,  except  the  one  from  Ari- 
zona, and  always  as  narrow  faces.  The  reflections  were  poor,  but 
serve  to  identify  the  form.     The  ^  angles  measured  are  as  follows: 


• 

Measured. 

Caloiilated. 

California 

o 

90 
93 
90 
92 
91 
90 

f 
02  \ 

46     « 

00'  ?) 
57 
15 
16 

o         / 

Do 

Do 

New  York 

90    00 

Do 

Do 

The  brachy  prism  ?=oo2=120  occurs  on  four  crystals  as  narrow 
faces  giving  fair  reflections. 


Measured. 

Calculated. 

California 

o 

30 

28 
2^) 
2^i 
29 

/ 
00 

00 

22 

34 

39 

o            / 

Do 

Do 

29     20 

New  York 

Do 

The  unit  prism  is  poorly  developed  on  the  California  crystals, 
being  present  hut  once  as  a  narrow  face  giving  a  poor  reflection.  On 
the  Arizona  crvstal  it  occurs  twice  as  broad  faces. 


California 
Arizona. - 


Moa-siired.     Calculated. 


o  / 

48  52 

49  16 


] 


48     20 
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The  macro  prism  g=i^  =320  is  present  several  times.     The  meas- 
ured angles  vary  somewhat. 


Measured. 

Calculated. 

California 

o 

58 
59 
60 
59 
59 
60 
59 
60 
59 
60 
60 

/ 
55 

42 

36 

38 

23 

14 

04' 

07 

25 

23 

31 

o            / 

Do 

Do 

Do 

Do 

Do 

59    19 

New  York 

Do 

Do 

Do 

Do 

The  macro  prism  /?  =  2x>=210  is  present  four  times.     The  reflec- 
tions were  fair. 


^ 

Measured. 

Cali  fornia 

O              t 

65    26 
65    35 
a5     19 
65     12 

Do 

Do 

Do 

Calculated. 


1 


66    01 


The  macro  dome  ^/=i0=102  is  present  once  on  the  Arizona  crystal. 
The  reflections  were  not  very  good. 

The  dome  v  =  f0=203  is  present  on  one  of  the  California  crystals. 
The  face  is  exceedingh^  minute  and  the  reflection  was  poor. 

On  crystal  No.  4  (New  York)  were  observed  two  very  small  faces, 
giving  poor  reflections. 


(1) 

(2) 


(    83 

46 

17 

54 

\     83 

16 

17 

44 

j     80 

19 

16 

50 

I     84 

17 

17 

28 

These  agree  approximately  with  the  symbol  [8.1.20; ,  or  ^considering 
the  form  vicinal  to  a  dome,  to  ■  205  [ . 
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The  combinations  seen  on  the  six  crystals  are  as  follows: 


No.  1 
No.  2 
No.  3 
No.  4 
No.  5 
No.  6 


Califomia '  h,    a,     /,  — ,  ;w,    f/,    n 

California |  h,    «,     /,   /t,  — ,    ^,    n 

Arizona — ,  — ,  — ,  — ,  nij  — ,  — 

New  York ^,    <',-,—,—,    ^, — 

New  York ,  6,    a,     /,-,—,    ^,  — 

New  York ,  — ,    a,     ^,  — ,  — ,    y,  — 


r. 


d,  -. 


Fig.  8  shows  three  of  the  crystals.  A  is  from  California;  size, 
1  mm.  X  i  mm.  B  is  from  New  York;  size,  1  mm.  X  i  mm.  C  is  from 
Arizona;  size,  1  mm.  X 1  mm. 

The  following  table  gives  the  calculation  of  the  forms  of  dumoi^tierite 
based  on  the  elements  given  in  this  paper.  The  table  corresponds  to 
the  forms  given  in  Goldschmidt's  Winkeltabellen. 


a=. 

8897 
6871 

Iga 

=9.94924 

Israo: 

Igb,: 

1 
=0.11202       1ct».= 

=9.88779 

Ro=1.2948 

Po=.7723 

- 

c=. 

Igc 

=9.83702 

=0.16298 

lKq«= 

=9.83702 

b,= 1.4654 

q,=.6871 

^**-    ter. 

S) 

•in. 

o        r 

p. 

o       / 

^c 

1 

'Jo. 

^ 

»?• 

(Prl«m) 
x:  y. 

y. 

Mil- 
ler. 

1 

d=tg  p. 

1 

c       /         o       /         o       / 

o       r 

16       010 

Oon 

0    00 

90    00 

0     00 

90    00 

0    00 

90    00  ,        0 

QC 

QB 

2       a       100 

>:0  ' 

90    00  1 

90    00 

W    00 

0    00  !  90    00 

0    00  1       oc 

0 

QC 

1    3       I       1-20 

a2  1 

29    07 

90    00 

DO    00     90    00     29    07 

60    53  i     .5570 

oc 

3C 

4      m       110 

» 

49    01 

90    00 

90    00 

90    00  ;  49    01 

40    59     1.1510 

(X 

OC 

5  '    //     '  320 

jao! 

59    47 

90    00 

90    00     90    00 

59    47 

30    13     1.7170 

OC 

00 

i    6       n 

210 

2c» 

65    23 

90    00 

90    00     90    00     ()5    23 

24    37     2.1825 

oo 

* 

7  :    d 

102 

io 

90    00 

21    07 

21    07       0    00 

21    07 

0    00       .3862 

0  0.3862 

8 

V      2a3 

10 

90    00 

1 

27    14 

27     14       0    00 

1 

27     11 

0    00       .5147 

0 

.5147 

The  minemls  andalusite,  sillimanite,  staurolite,  and  dumorticrite 
possess  certain  properties  that  are  very  much  alike.  They  are  all 
orthorhombic,  their  axial  ratios  are  similar,  their  principal  constitu- 
ents are  silica  and  alumina,  and  in  many  ways  these  minerals  can  well 
be  grouped  together.  Using  the  word  isomorphoiis  in  its  general 
loose  sense,  these  minerals  are  isomoi-phous.  A  comparison  of  their 
axial  ratios  is  given  below: 


Andalusite  . . 
Sillimanite  . . 
Staurolite  . . . 
Duniortierite 


A. 

d. 

.9861 

.  7025 

.970 

(?) 

.9795 

.6942 

.8897 

.6871 

DUMORTIERITE. 
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For  tftauroiito  Che  values  are  taken  from  Goldschmidt'e  Winkelta- 
bellen  with  the  a  and  c  itxes  intcrchatufcd. 

There  was  some  question  in  the  writer's  mind  as  to  whether  the  ■ 
orientation  cho»en  was  the  1>est  or  whether  the  present  prism  |210|  had 
not  better  be  made  the  unit  prism.  The  cleavage  is  parallel  to  this 
prism,  and  the  twinning  also  bears  some  relation  to  this  form.  More- 
over, the  ratio  above  given  for  staurolite,  though  adopted  by  Gold- 
schmidt,  is  not,  in  the  writer's  opinion,  tlic  best  one  for  the  mineral. 
The  one  given  by  Dana,  who  makes  the  a  axis  just  half  a.s  long,  would 
be  the  better  one.  The  common 
form  of  staurolite  is  prismatic,  with 
a  prism  angle  of  50^  40'  (Dana). 

For  andalusite,  on-tho  other  hand, 
the  prismatic  angle  is  8^^  12'  and 
the  u  axia  should  be  .!)861,  as  given. 
Should  dumortierite  be  classed  crys- 
tallographically  with  staurolite  or 
with  andalu.site?  Unfortunatttly, 
the  evidence  is  almost  too  meager 
to  decide  this  question.  The  unit 
prism  is  poorly  developed  on  the 
California  crystals  and  entirely  ab- 
sent from  the  New  York,  the  stron- 
gest form  next  to  the  brachypin- 
acoid  being  the  prism  |320}.  The 
prismatic  <;leavage  is  parallel  to 
{'ilO},  and  making  the  cleavage  form 
the  unit  prism  the  a  axis  should  be 
given  half  its  present  value.  On 
the  other  hand,  the  Arizona  crystal  ii 
and,  making  the  prism  the  unit  one,  we  ol)tain  the  axes  as  here  given. 
Giving  staurolite  the  (approximate)  same  axes  as  andalusite  and 
dumortierite,  the  prismatic  <leavage  is  parallel  to  the  same  form  as  in 
dumortierite  {210}. 

It  may  be  worth  noting  that  as  staurolite  and  dumortierite  are 
related  crystallographically  more  closely  than  either  with  andalusite, 
the  chemical  composition  of  the  two  former  is  much  more  complex 
than  that  of  the  last  named  species. 

PHYSICAL  PROPERTIES. 

GENERAL  PROPERTIES. 

Macro.scopic  crystals  are  exceedingly  rare,  the  mineral  usually 
ocfurring  in  prismatic  fibrous  forms  showing  no  crystal  faces.  The 
Washington  mineral  occurs  in  spherulitic  forms  which  are  but  a 
special  arrangement  of  fibers. 


i  of  the  typical  andalusite  habit, 
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The  cleavage  is — nmcropinacoidal  good,  prismatic  {210}  imperfect, 
and  basal  imperfect,  and  perhaps,  also,  in  traces,  brachypinacoidal. 
The  New  York  mineml  shows  the  macropinacoidal  cleavage  very  well, 
while  the  California  mineral  shows  the  imperfect  basal  cleavage.  The 
fracture  is  rough  and  the  fibrous  prisms  are-somewhat  brittle,  though 
a  mass  of  fibers  is  very  tough.     The  hardness  is  7. 

The  following  values  for  the  specific  gravity  have  been  given: 

3.36 

3.265 

3.22 

3.319 
3.226-3.43 
3.211-3.302 


A  v.     3.292 


The  writer  obtained  3.306  as  the  density  of  a  piece  weighing  about 
10  grams.     A  good  average  value  would  be  3.30. 

The  luster  is  vitreous,  somewhat  satiny  on  the  fibrous  California 
mineral.  The  color  is  usually  blue,  though  also  lavender  and  greenish 
blue  to  black.     The  colors  noted  are: 

France:  Blue,  black. 

Germany:  Blue,  bluish  green. 

Sweden:  Blue. 

New  York,  Arizona,  Washington:  Blue. 

California:  Lavender. 

The  mineral  is  usually  opaque  in  its  massive  form,  but  the  small 
fibers  of  the  California  mineral  are  transparent  to  translucent. 

OPTICAL  CHARACTERS. 

All  the  determinations  made  on  the  mineral  from  different  localities 
have  given  the  same  orientation.  The  axial  plane  is  parallel  to  the 
brachypinacoid,  the  acute  bisectrix  is  normal  to  the  base.  The  mineral 
is  negative. 

The  following  are  the  pleochroisms  noted  on  the  mineral  from  dif- 
ferent localities:  Colorless  to  cobiilt  blue,  pale  yellow  or  colorless  to 
cobalt  blue,  colorless  to  pistachio  green,  colorless  to  rose  salmon, 
colorless  to  deep  carmine,  colorless  to  red  purple  (California). 

AXIAL   AXGLKS. 

On  the  Norwa}^  mineral,  2Vxa  was  determined  as  about  35  .  Linck 
states  that  the  angle  is  somewhat  less  than  that  of  muscovite. 
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The  axial  angle  on  the  California  dumortierite  is  small.  The  fol- 
lowing measurements  were  made  with  the  microscope  and  micrometer 
ocular,  and  represent  only  approximate  values: 

2Eli=83^ 

2Ecu=42 
The  dispersion  thus  is  p<i'. 

INDICES   OF   REFRACTION. 

Linck  obtained  for  the  dumortierite  from  Germany 

a =1.678 

/?=1.686 

;^= 1.689 

a—y=  .011 

Michel  Lev}'  and  Jjacroix  give  (;^— a)=.OlO  with  the  dispersion 
(strong)  p>v^  while  Bertrand  in  his  original  description  gives  p<.v  as 
the  dispersion.  The  value  {y  —  oc)  for  quartz  is  .009  and  for  andalusite 
.011.  The  birefringence  for  dumortierite  is  always  a  little  higher  than 
that  of  the  quartz,  and  in  the  Washington  mineml  very  nearly  that  of 
the  andalusite. 

PYROGNOSTICS. 

The  mineral  is  infusible  before  the  blowpipe,  but  loses  its  color, 
becoming  white.  It  gives  a  blue  color  on  heating  with  cobalt  nitrate. 
If  the  mineral  be  very  finely  powdered  and  intimately  mixed  with 
potassium  bisulphate  and  calcium  fluoride  and  the  powder  be  carefully 
introduced  into  the  flame,  a  green  color,  due  to  the  boric  acid,  may  1)6 
momentarily  seen,  })ut  it  is  an  exceedingly  difficult  reaction  to  obtain. 

CHEMICAT^  COMPOSITION. 

In  1881,  after  the  first  announcement  of  the  discovery  of  the  mineral 
had  been  made  by  Gonnard,  Damour  gave  the  following  analysis  of 
the  mineml: 

SiOj 29.85 

AljO, (JO.  02 

FeA 1.01 

MgO 45 

Ign 2.25 

99. 58 
Specific  jrravit y 3. 36 

From  this  analysis  the  formula  4Al203,3Si02  was  calculated. 
Damour  did  not  suspect  the  presence  of  boric  acid  in  the  minei-als  and 
what  was  weighed  as  alumina  probably  conUiined  several  per  cent 
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B,0,.  In  1887  Riggs  gave  an  analysis  of  the  New  York  mineral,  in 
which  he  found  4  per  cent  3,0,.  Two  years  later  Whitfield  gave 
several  analyses  of  American  dumortierite,  all  showing  the  presence 
of  BgO,.  In  1899  Linck  gave  some  observations  on  the  mineral, 
including  an  analysis  by  W.  Schimpff,  showing  a  strong  test  for  boric 
acid.  In  1902  Ford  gave  us  three  analyses  of  American  dumortierite 
and  also  mentioned  two  new  localities.  During  the  winter  of  1903-4 
the  writer  made  an  analysis  of  the  California  dumortierite  collected  by 
himself  during  the  previous  summer.  An  analysis  was  also  made  at 
the  same  time  of  the  Washington  dumortierite  kindly  furnished  by 
Mr.  Brereton. 

Believing  that  one  good  analysis  is  better-than  several  poorer  ones 
for  the  exact  determination  of  the  formula  of  the  mineral,  there  will 
be  presented  an  analysis  of  the  California  dumortierite  made  by  the 
writer.  From  this  a  formula  has  been  calculated  for  the  mineral, 
and  it  will  be  shown  how  the  other  analyses  agree  with  this  proposed 
formula.  Before  giving  the  results  a  few  preliminary  words  will  not 
be  out  of  place. 

An  analysis  of  dumortierite  is  a  difficult  operation.  The  small 
amount  of  silica  makes  it  difficult  to  get  a  good  fusion.  On  prelimi- 
nary trials  on  an  analysis  of  the  California  dumortierite,  it  was  found 
that  what  was  weighed  as  silica  in  the  regular  course  of  the  analysis 
contained  more  or  less  of  the  undecomposed  mineral.  Results  of 
about  30  to  32  per  cent  were  obtained.  This  is,  of  course,  on  the 
uncorrected  silica.  It  was  found  that  a  second  fusion  of  the  supposed 
silica  was  not  only  very  beneficial,  but  also  necessary.  What  was 
then  weighed  as  silica  contained  but  little  residue.  The  handling  of 
so  large  an  amount  of  alumina  is  very  cumbersome,  and  an  accurate 
determination  of  the  alumina  (plus  iron  and  other  oxides  here  pre- 
cipitated) is  difficult.  The  boric  acid  determination  is  tedious  and 
difficult.  The  accurate  determination  of  the  water,  which  in  given  off 
only  at  a  high  temj^ei-ature,  is  also  not  easy.  One  can  thus  see  that 
an  analysis  of  such  a  mineral  is  a  troublesome  operation  and  that  a 
greater  allowance  must  be  made  than  for  most  silicate  analyses. 

The  specimen  analyzed  was  selected  in  the  field,  an  exceedingly 
pure  piece  weighing  about  10  grams  being  chosen.  The  specific 
gravity  of  this  piece  was  taken  by  suspension  in  water,  giving  3.306. 
This  was  broken  into  small  pieces  and  carefully  examined  for  musco- 
vite,  quartz,  or  other  minerals.  Sections  of  the  mineral  sh  .wed  that 
the  dumortierite  was  free  from  any  inclusions.  No  grains  of  any  tita- 
nium mineral  abundant  in  the  quartz  could  be  detected.  When  the 
mineral  was  powdered  it  was  treated  with  heavy  solution,  of  specific 
gravity  3.10,  and  a  minute  amount  of  mineral  (nuiscovite  0  stayed  on 
top  and  was  removed.  The  separation  was  repeated  several  time^, 
and  the  powder  waa  dried  at  100'^  and  carefulh'  examined  under  the 
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microscope  for  impurities.     None    was  found.     The   mineral  was 
unquestionably  pure. 

The  general  analytical  methods  used  were  those  pursued  in  the 
Survey  laboratory  for  silicate  analyses,  with  a  few  modifications.  The 
mineral  was  fused  with  sodium  carbonate,  the  silica  separated  and 
re-fused  with  sodium  carbonate.  The  silica  was  filtered  ojff,  weighed, 
and  treated  with  HF,  which  left  some  residue.  The  alumina  (plus 
iron  and  titanium)  was  precipitated  three  times  to  be  sure  of  remov- 
ing all  of  the  sodium  salts.  It  was  ignited  and  weighed  with  the 
silica  residue,  fused  with  sodium  bisulphate,  some  silica  recovered, 
the  iron  was  reduced  and  determined  by  titration  and  the  titanium 
was  determined  colorimetrically.  The  presence  of  titanium  was  sus- 
pected from  the  color  of  the  pleochroism  of  the  mineral.  The  boric 
acid  was  determined  by  the  Gooc^i  method,  using  all  of  the  known 
precautions.  The  mineral  was  twice  fused  with  sodium  carbonate  and 
the  boric  acid  was  finally  weighed  as  calcium  borate.  The  water  was 
collected  in  a  calcium  chloride  tube,  the  mineral  being  heated  in  a 
Gooch  tubulated  crucible  in  the  usual  manner.  A  blank  determina- 
tion was  run  before  and  after  each  water  determination  and  a  small 
correction  applied.  All  possible  precautions  were  taken  throughout 
the  analysis,  which  was  made  in  duplicate.  The  results  are  given 
below. 


Avera^. 


SiO, 28.58 


Al,0,.. 
Ti,0, .  -. 

Fe,0,... 

H,0.... 

B,0,  ... 


The  titanium  is  regarded  as  present  as  TijOg,  replacing  the  alumina. 
Combining  the  alumina,  titanium,  and  iron,  the  following  ratios  are 
obtained: 

SiO, 5.94  or  6 

A1,0, 8.00       8 

BA 1.06       1 

H,0 96       1 

The  formula  for  dumortierite  then  is 

8A1A,  IRA-  iii.o,  esio,. 

It  has  not  been  proved  that  either  boric  acid  and  alumina  or  boric 
lK5id  and  hydroxyl  may  mutually  replace  each  other  in  minerals  as  fluor- 
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ine  and  hydroxyl  are  known  to  do.  There  is,  then,  no  reason  that  the 
writer  can  see  why  the  alumina,  boric  acid,  and  water  in  dumortierite 
should  not  be  present  in  fixed  quantities,  and  that  the  variations 
shown  in  analyses  are  not  due  to  ''isomorphous  replacements,'-  but  to 
inaccuracy  of  analyses  or  impure  material. 

Having  established  the  above  formula  from  the  analysis,  let  us  see 
how  closely  the  other  analyses  conform  to  it. 

The  best  series  of  analyses  is  that  made  b}^  Ford  of  mineral  from 
three  American  localities.  His  first  analyses  of  the  Arizona  material 
are  tabulated  below. 


8iO, 


Al,()3 
BA- 


Hfi 


1. 

30.00 

63.  20 

.23 

5.47 

1.45 

2. 

3. 

29.66 

63.74 

.23 

5.06 

1.38 

29.91 
63.76 

Averaire. 


29.86 

63.56 

.23 

5.26 

1.41 

100. 32 


The  ratios  calculated  from  the  average  analysis  give 


SiO,.. 
Al,(  )3 


6.29  or  6X1. 05 
7.94       8X  .99 


BjOj 96        IX  .96 

H,0 ." 1.00        IX  I.  00 

The  agreement  with  the  proposed  formula  is  perfect. 

His  second  analysis,  that  of  the  California  mineral,  show^S'  slight 
variations  from  the  results  obtained  by  the  writtM*.  The  presence  of 
tittmium  was  not  determined.     His  analvsis  is: 


SiO,  . 
Al,()3 

B,(), . 


30.  58 
61.8.S 


36  !/ 


5.  93 
2.  14 

100.84 


Ratios. 


6.  17  or  6X1. 03 


7.40       8X  .93 


l.(H 
1 .  45 


1XI.(H 
1X1.45 


The  ratios  agree  well  with  the  new  formula  except  for  the  wat^r 
content.  Remembering,  however,  that  the  amount  of  water  present 
is  very  small  and  that  a  difference  of  0.10  per  cent,  would  make  a 
large  difference  in  the  ratios;  that  Ford  determined  his  water  by  ignit- 
hi^  tlio  minora]  with  lime,  thus  not  weighing  the  Avater  directly;  and 
that  the  writer  obtjiined  only  1.52  per  eewt  ow  \W  '^ww\v.\  \\\\\\^y A  Ixovxv 
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the  same  locality,  it  seems  much  preferable  to  regard  the  determi- 
nation of  the  water  in  Ford's  analysis  as  too  high  rather  than  to 
attempt  an  explanation  of  it  b}'  the  assumption  of  ''isomorphous 
replacement,  etc." 

Of  the  third  analysis  by  Ford  of  the  New  York  mineral,  he  says:  "It 
is  fully  realized  that  the  results  are  not  to  be  looked  upon  as  being  as 
exact  as  those  of  the  other  analyses." 

His  analysis  is: 


AlA 

Fe,0, 
H,(). 


KatioH. 

31.  24 

6. 23  or 

•6X1.04 

61.26 

7.23 

8X  .90 

.10 

6.14 

1.06 

1X1.06 

2.09 

1.40 

1X1.40 

100.  as 

Assuming  that  his  water  content  is  somewhat  high,  the  ratios  agree 
well  with  the  new  formula. 

This  concludes  the  list  of  analyses  of  dumortierite  which  were  made 
on  pure  material  and  with  due  knowledge  of  what  was  to  be  determined. 
A  number  of  other  analyses  will  now  be  given,  which  serve  in  a  gen- 
eral way  for  the  determination  of  the  composition  of  the  mineml,  but 
can  not  be  relied  on  for  exact  results. 

One,  which  has  heretofore  not  been  published,  was  made  by  the 
writer  on  the  Washington  dumortierite.  About  200  grams  of  the  rock 
was  powdered,  and  by  repeated  separation  with  heavy  solutions  al)out 
4  grams  of  dumortierite  were  obtained.  The  sample  was  by  no  means 
pure.  It  was  found  impossible  to  remove  all  the  andalusite,  an  unknown 
but  small  amount  remaining.  It  was  found  during  the  course  of  the 
analysis  that  the  samples  also  contained  some  titanite  (leucoxene)  and 
a  very  small  amount  of  pyrite.  The  analysis  was  made  with  all  the 
care  possible,  and  the  following  results  were  obtained: 


Ration  after  deduct- 
ing titanite. 


AlA 
Fe,03 

TiO,. 

H,0. 

B,0,. 

CaO. 


28.51  I 
59.  75  'h 
2.48  '/ 
.95  j 

5.  54 

.68 


5.  97  or  6X0. 99 
7.80       8X  .97 

1.53       1X1.53 
1.03       lxl.03 


100.03 
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Excepting  for  the  high-water  content  the  analysis  agrees  very  well 
with  the  formula.  No  allowance  was  made  for  the  small  amount  of 
andalusite  present,  which  would  slightly  alter  the  ratios. 

The  analysis  by  Schimpff  of  dumoi-tierite  from  Germany  is  given 
below.     Obviously  it  is  worthless  for  any  calculation. 

SiO, 36.81 

ALA 57.27 

CaO 1.66 

MgO 1.38 

Ign 1.31 

BjOg strong  test 


98.43 


Of  similar  (character  is  Jannasch's  analysis  of  the  Argentine  mineral. 
The  sample  was  probably  very  impure. 

SiO^ 36.01 

B,0, 2.51 

TiO,(TiA*0 1.08 

ALO,..-.: 51.49 


FejOs 

CaO. 

MgO. 

K,0. 

Na,0. 

HjO. 


Specifics  gravity 


1.04 
.28 
.54 

3.62 
.96 

3.02 

99.55 
3.255 


There  now  remain  the  analyses  of  Whitfield  and  Riggs,  of  which 
but  one  is  suitable  for  any  calculation.  The  analyses*  are  as  follows. 
No.  1  being  of  the  New  York  mineral,  by  Kiggs;  No.  2  of  the  New 
York,  and  Nos.  8  and  4  of  the  Arizona  mineml,  })v  Whitfield. 


1. 

•> 

3. 

31.52 

(i3.G6 

.52 

.11 

.37 

4. 

SiOa 

34.  S2 

55.  :m) 

.57 

1.04 

1.7<i 

31.44 
<)<S.91 

27.99 

ALC), 

64.49 

.».2^ri|............    ....................    ........ 

MgO 

trace 

K,0 

Na,(  > : 

i     »i.-^--.-   ^^4.u.*4.-  —  —  —  .  —  .i..  —  *...  —  — 
VXh 

.20 

B.,(K 

4.07 
2.  m 

100.  52 

trace 
I(X).33 

2.62 

4.95 

lim 

1.72 

r»**  ...•--.-•--..........•..•..---.•--..-..-.. 

100.14 

99.35 
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The  ratios  of  the  last  analyses  are 

SiO, 5. 94  or  6X0. 99 

Al,0, 8.09       8X1.01 

B,0, 80       IX  .80 

H,0 1.22       1X1.22 

Approximately  they  ao^ree  with  th^  formula. 

The  only  question  of  which  there  seems  to  be  any  doubt  is  whether 
the  water  should  be  1  or  li  molecules.  As,  however,  the  best  analyses 
show  but  1  molecule  and  their  evidence  is  considered  as  of  much  more 
value  than  a  larger  numl)er  of  inferior  analyses,  there  is  no  question 
in  the  writer's  mind  but  that  the  formula  for  dumortierite  is 

8A1,0„  1B,0„  1H,0,  6SiO,. 

This  may  be  written 

(SiOJ,Al(A10),(BO)H, 

which  is  the  same  as  the  formula  given  by  Groth  except  that  for  (BO) 
he  puts  (AlO).     His  formula  is  (SiOJ,Al(A10),H. 
This  formula  may  be  written  in  the  following  form: 

SiO=(A10), 
Al^SiO=(AIO), 
SiO,— AlO 

\B0 

\H 

This  formula  is  Himilar  to  that  of  andalusite,  which  is  written 

^SiO,=Al 
Al^SiO=Al 
SiO=(A10), 

Dumortierite  alters  to  niuscovite.  The  change  can  be  very  well 
shown  by  these  forinulce,  and  seems  to  be  entirely  in  accordance  with 
thcgroup  of  minerals  to  which  it  is  related. 


-f- alumina  and  boric  acid  set  free. 


Dumortierite.  Muscovite. 

^SiO,=(A10),  SiO«=Al 

AlKSiO,=(A10),= Al^SiO,=AI 

SiO.— AIO  SiO,— K 

\BO  \II, 

\H 
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MINERALOGICAL  NOTES. 


By    W.    T.    SCHALLKR. 


1.  IIAIjLOYHITK. 

The  pink  clay  occurring  at  Branch ville,  Conn.,  has  been  shown **  to 
be  montraorillonite,  while  that  occurring  at  Norway,  Me.,  has  proved* 
to  be  cimoiite.  That  from  the  lepidolite  mine  near  Pala,  San  Diego 
County,  Cal.,  differs  from  l)oth  of  the  New  England  clays,  being 
comparable  with  halloysite. 

At  Pala  the  halloysite  occurs  in  large  seams,  often  several  inches 
thick,  and  many  feet  in  length.  The  clay  is  somewhat  moist,  but 
quickly  dries  to  a  crumbling  mass  when  taken  out  of  the  mine.  In 
color  it  is  rather  deeper  pink  than  the  Norway  cimoiite  and  occasion- 
ally is  somewhat  translucent.  It  readily  crumbles  to  a  fine  powder 
when  placed  in  water.  The  material  analyzed  had  been  drying  in  the 
air  for  over  three  months. 

The  results  of  analysis  are  shown  below. 

SiO, : 43. 62 

A1,0, 35. 55 

Fe20s 21 

MnO 26 

CaO 1 .  02 

MgO 19 

Li,0 23 

Na,C) 19 

K,0 03 

H,()  (107°) 6.63 

H,0  (above  107°) ,. 12.25 

TiO, none 

100. 18 

The  iron  was  determined  as  Fe^Og,  FeO  not  being  tested  for.  The 
analysis  agrees  well  with  the  formula 

H,AI,SiA+HA 

o  Am.  Jour.  Soi.,  vol.  20,  18«0.  p.  283.  Mbid..  32,  18«ti.  p.  3.V». 
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2.  AMBIiYGONITK. 

The  occurrence  of  amblygonite  at  the  lepidolite  mine  at  Pala,  Cal., 
has  already  been  noticed,  and  a  somewhat  fuller  description  of  the 
mineral  is  here  given.  A  large  deposit  has  been  uncovered,  and  the 
indications  seem  to  show  that  it  is  merely  a  small  part  of  an  extensiv^e 
body  of  massive  amblygonite.  The  mineral  usually  occurs  pure;  very 
rarely  small  amounts  of  lepidolite  are  present  with  it.  Frequently 
broad  cleavage  faces  with  irregular  outlines  can  be  seen.  The  color 
is  white  and  in  thin  pieces  the  mineral  is  translucent.  It  fuses  easih% 
coloring  the  flame  red,  and  in  powder  is  difficultly  decomposed  by 
sulphuric  acid. 

An  analysis  of  a  specimen  kindly  presented  by  Mr.  G.  F.  Kunz 
gave  the  writer  the  following  results: 

PA 48.83 

AlA ..-     33.70 

FeA 12 

MnO 09 

MgO !. 31 

Li,0 9.88 

Na,0 14 

H,0 5.95 

F 2.29 

TiOj none 

101. 31 
LessO 96 

100.35 

Regarding  fluorine  and  hydroxyl  as  isomorphous,  in  the  specimen 
analyzed  the  latter  greatly  predominates  over  the  fluorine.  The  water 
was  determined  by  igniting  the  mineral  with  lead  oxide,  previously 
heated  nearly  to  fusion.  Three  determinations  gave  the  loss  of  weight, 
due  to  the  escape  of  water,  as  5.89,  6.01,  5.95  per  cent.  The  loss  of 
the  mineral  on  ignition  was  S.08  per  cent,  ecjualing  the  sum  of  the 
water  and  fluorine  content. 

3.  ROOTIIITF.. 

A  specimen  of  .a  pale- blue  copper  sulphate  was  collected  at  the 
cop|)er  mine  near  Campo  Seco,  Calaveras  County,  Cal.,  l)v  Mr.  James 
Wise  and  kindly  presented  to  the  wiiter  for  investigiition.  The  pale- 
blue  color  suggested  that  the  mineral  might  be  boothite  instead  of  the 
more  frequenth^  occurring  chalcanthite.  The  results  of  a  chemical 
analysis  have  shown  that  the  mineral  is  boothite,  thus  affording  a 
second  locality  for  this  interesting  mineral.  Careful  quantitative 
determinations  of  hydrous  copper  sulphates  will  probably  show  that 
thfe  heptahydrate  is  not  so  rare  as  may  be  supposed. 
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The  mineral  from  Campo  Seco  occurs  mflssire,  Airwing  no  crystal- 
line Htnicture.  The  average  of  several  determinations  afforded  the 
results  shown  l>elow. 


Ratio. 


CuO. 
FeO. 
MgO 


26.13 
.81 
.64 

27.25 


H,O(110«) »«-76i^,  .^ 

;     4.9ir-^^ 


1.00 
.03 
.05 

1.04 


6.22 


H,0  (above  110*>) 
Insol 


3.96 


J'- 


06 


100.46 


Formula,  Cu80,.H,0+6H,0. 

A  cai'eful  determination  of  the  specific  gravity  of  the  mineral  gave 
(21^  O.)  I.d44.  Tbisi  being  much  lower  than  the  value  obtained  (2.1) 
on  the  biootllite  from  Leona  Heights,  a  redetermination  of  the  latter 
was  mai^^OA  purer  material  collec^ted  since  the  publication  of  the  first 
results,*  This  gave  as  an  average  value  the  figure  (22^  C.)  1.935. 
The  iiverage  of  these  two  determinations,  or  1.94,  is  probably  very 
near  the  true  value  for  the  specific  gravity  of  boothite. 


4.  PI8ANITE. 

A  small  specimen  of  massive  pisanite  from  Oonzalea,  Monterey 
County,  CUm  was  analyzed  some  time  ago  and  the  results  are  here 
preseotfdL  The  quantity  of  material  available  for  analysis  was  very 
HDuill jljljMi  tlie  determinations  do  not  claim  any  great  acH^uracy .  About 
^Mr^^^M^  o^  insoluble  matter  has  be^n  deducted  and  the  remiks  reoal- 
4|M4iA  ^  1^  P^^  ^^"^* 


no. 


7.66 

15.85 

m.74 

45.85 

100.00 

JUtio. 


":> 


89 


1.08 
7.18 


tbe  analysis  approximates  to  the  formula  Cu0.2Fo0.380s.21H20. 


aSduUler.  W.  T.,  MinemUi  from  Leona  Heighta,  Alameda  Gomity,  Oal.:  Bull.  Dept.  Geol.  ITniv. 
Gal.,  Yd.  8,  No.  7. 
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In  the  following  table  all  available  analyses  of  pisanite  are  tabu- 
lated, and  one  can  readily  see  that  there  is  no  definite  ratio  between 
the  copper  and  iron.  The  formula  is  then  written  (Cu,Fe)S04.7HjO, 
pisanite  being  an  isomorphous  mixture  of  melanterite  and  boothite. 
All  the  analyses  are  calculated  to  100  per  cent.^ 


No.  1.           No.  2. 

1 

No 

.3. 
.17 

No.  4. 

No.  6. 

No.  a. 

CuO 

7.56 

9 

10.07 
(16.15) 

28.84 
(44.94) 

12.61 
14.14 
28.44 
44.81 

15. 52 

FeO  

25.  86 
28.80 

45.  :^4 

15.85 
30.74 
45.  85 

16.  37 
29.00 
45.46 

12.14 

SO, 

27.82 

g. .................. ...... 

H,0 

44. 52 

«          ••••----••-»••-••-•----- 

• 

1 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

No.  7. 

No. 

1 

H.        ,        N 

1 
.45  ! 

o.  9. 

17.64 

9.62 

28.27 

44.47 

No.  10. 

No.  11. 

CuO 

1 

15. 56 

17 

18.81 

8.51 

27.93 

44.  75 

27.85 

FeO 

10.98 

10.18 

SO, 

29.  90           28.  4.S 

28.02 

HjO 

43.56 

43.94 

44.13 

100.00 

100.00 

100.00 

100.00 

100,00 

5.  GYROL.ITE. 

In  the  same  rock  and  but  about  50  feet  distant  from  the  place  where 
the  pectolite*  and  datolite  occur,  at  Fort  Point,  San  Francisco,  Cal., 
were  a  number  of  veins  of  a  pearly  massive  zeolite,  which  analysis 
showed  to  be  gyrolite.  The  veins,  I'anging  from  microscopic  size  to  a 
thickness  of  nearly  a  centimeter,  occur  in  a  dark  ba.sic  igneous  rock, 
probal)ly  a  basalt.  The  gyrolite  has  replaced  the  rock  and  grown  out- 
ward from  both  sides  of  the  vein,  forming  a  contact  line  in  the  middle 
where  the  two  parts  join.  The  mineral  is  grouped  in  spherical  and 
also  in  massive  platy  or  plumose  aggregates.  It  is  at  times  associated 
with  apophvllite,  but  usually  occurs  pure.  Its  color  on  the  fresh 
fracture  is  white,  while  on  the  weathered  surface  it  is  a  brownish- 
yellow.     It  has  a  decided  pearly  luster  and  possesses  a  good  cleavage. 

Under  the  microscope,  a  thin  section  of  the  rock  containing  these 
veins  shows  that  the  rock  has  been  replaced  by  this  secondary  mineral, 
always  commencing  as  a  minute  vein,  probably  originating  in  a  micro- 

«  Anal.  No.  1,  theoretical  comp.  of  melanterite.  FeSO^.THoO.  No.  2,  Sehaller,  anal,  quoted  above;  No. 
3,  Sehaller,  Bull.  Dept.  Geol.  Univ.  of  Cal..  vol.  3,  No.  7:  No.  4.  Hintz,  Zeit.  Krys.,  2,  309;  No.  5,  Hille- 
brand.  Bull.  TJ.  S.  Geol.  Survey  No.  2*20.  p.  Ja5:  No.  6,  see  No.  3:  No.  7,  IMsani,  Comptes  RenduH,  1859, 
48.  807;  No.  8.  «ee  No  3;  Nos.  9  and  10,  Herz.  Zeit.  Krys..  26,  16;  No.  11,  theoretical  comp.  of  boothite, 
CuSOvVHjO. 

I>£akle,  A.  S.,  Mineraloglcal  notes:  Bull.  Dept.  Geol.  Univ.  Cal.,  vol.  2.  No.  10,  1901. 
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scopic  fissure  of  the  rock.  A  niiiltitude  of  these  veins  are  present, 
lying  in  nearly  parallel  position  and  varying  greatly  in  size.  There  is 
nothing  to  wiggest  that  the  gyrolite  may  have  been  derived  from 
apoph\"llite.  Jt  may  have  been  derived  entirely  from  the  igneous 
rock  or  onl^'^^in  part.  The  mineral  was  first  deposited  at  the  walls  of 
the  vein  and  from  thence  grew  outward  into  the  open  fisvsure  from 
both  sides,  also  probably  replacing  the  rock  wall.  The  thin  section, 
as  well  as  the  hand  specimen,  shows  a  decided  plumose  structure  of 
the  mineral.  These  plumose  aggregates  show,  under  crossed  nicols, 
the  black  extinction  cross.  The  interference  colors  are  bright  and 
vivid.  Heddle'*  says  of  these:  '^The  sections  of  orbicular  gyrolite 
are  among  the  most  splendid  of  polariscopic  objects,  resembling  a  cir- 
cularly opened  fan,  of  most  brilliant  and  abruptly  contrasted  colors." 

The  properties  of  the  mineral  are  not  very  well  known.  Heddle* 
mentions  some  crystals  resembling  heulandite  in  fomi.  The  mineral 
is  described  as  unaxial,  though  as  a  matter  of  fact  it  is  biaxial,  but 
like  biotite  the  axial  angle  becomes  0^  at  times.  Cleavage  plates 
show  the  emergence  of  a  bisectrix.  The  (approximate)  measurement 
of  2  ENa  gave  values  (on  the  Fort  Point  material)  of  from  0*^  to  25°. 
The  sign  is  always  negative.  Heddle  obtained  2  E  =  0*-'  —  3°.  When 
there  was  a  straight  edge  suggesting  a  possible  crystal  direction,  the 
extinction  was  not  pai'allel. 

Dana^  gives  as  the  formula  of  the  mineral  8HjO,  2CaO,  8SiO„ 
while  Clarke '^  gives  5HjO,  4CaO,  6SiO„  which  is  the  formula  deduced 
by  the  writer  from  the  following  analysis  of  the  San  Francisco 
mineral: 


Ratio. 


SiOj 5:^.47  6.02 

AljO, 22    

CaO 32. 00 

Na,0 

H  ,0 1        13.21  4 .  99 


12.00    \ 
1.25    / 


4.02 


100. 15 


The  s{)ecific  gravity  is  2.39.  Traces  of  iron,  magnesium,  and 
potassium  are  present,  while  strontium,  chlorine,  and  fluorine  are 
absent. 


a  Heddle,  M.  F.,  On  the  oi>tic  pmpcrticM  of  K.vrolite:  Mlii.  MaK-,  vol.  9.  IKW-Im^I,  p.  ,'191. 
b Heddle.  M.  F.,  On  the  crystnlline  form  of  Kyrolitt-  Min.  Ma*f..  vol.  8.  1«HK-1889,  p.  27'->. 
cSyntcm  of  Mineralopy,  6th  c«!ition,  p.  Trm.  1H92. 
dClarke,  F.  W.,  The  constitution  of  the  silicntes:  Bull.  U.  S.  Geol.  Survey  No.  lift,  IHito,  p.  81. 
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The  mineral  is  easily  decomposed  by  hydrochloric  acid.  Certain  anal- 
ogies can  be  noted  between  heulandite  and  gyrolite^  and  from  this  and 
the  properties  of  the  mineral,  as  far  as  known^  the  writer  believes 
gyrolite  to  be  monoclinic.  Heddle  says  in  connection  with  some  plane 
angles  he  measured  on  gyrolite  from  Scotland:  '^The  above,  as  far  as 
it  goes,  seems  to  show  gyrolite  to  be  oblique,  and  near  heulandite  in 
form." 
The  formulas  of  the  two  minerals  are  also  similar. 

Gyrolite 6SiO^  4CaO.  5H,0. 

Heulandite 6SiO,.  AlA-    CaO.  5HA 

6.  APOPHYi:.IiITE. 

• 

With  the  gyrolite  were  found  a  number  of  specimens  of  clear,  trans- 
parent, but  very  minute  crystals  of  apophyllite.  These  arc  usually 
less  than  1  mm.  thick  and  show  only  the  base,  prism  of  the  second 
oixler,  and  the  unit  pyramid  of  the  first  order.  Some  years  ago  a 
specimen  was  obtained  here  on  which  the  apophyllite  crystals  have 
been  changed  to  quartz.  As  they  proved  to  be  infusible,  a  more 
extended  investigation  of  them  \V^  made. 

The  crystals,  from  1  to  3  mm.  in  diameter,  appear  cubic,  with  the 
corners  truncated  by  small  faces.  Measurements  of  the  best  crystals 
sh6wed  that  they  are  tetragonal  and  that  they  agree  in  angles  with 
those  of  apophyllite.  The  prism  faces  are  vertically  striated  and  faces 
of  the  other  two  forms  are  also  rarely  somewhat  striated. 

By  trial  it  was  found  that  hydrochloric  acid  does  not  attack  the 
crystals,  so  that  the  associated  calcite  was  easily  removed  and  pure 
material  for  analysis  was  obtained.  The  crystals  are  opaque,  and  no 
optical  determinations  could  be  made. 

The  analysis  gave  the  following  figures,  showing  that  the  crystals 
are  now,  chemicAlly,  essentially  silica  with  various  impurities: 

SiO, 90.58 

AlA 1.58 

CaO 1.87 

Mg() 2.20 

H,0 4.32 


100.55 

7.   Ti<:r^t.UHiTB. 

Several  small  crystals  of  tellurite  were  referred  to  the  writer  b}- 
Doctor  Hillebrand.  Their  locality  is  the  W.  P.  H.  mine,  Cripple 
Creek,  Colo.  The  crystals  are  transparent  yellow  and  reach  a  length 
of  about  2  mm.  They  are  thin  tabular  parallel  to  the  brachypinacoid. 
This  form  is  nonnal  to  a  bisectrix,  and  the  axial  plane  is  parallel 
to  a  (100). 
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The  crystals  show  numerous  vicinal  faces,  which  are  here  not  given. 
The  forms  which  were  established  are'' 

J={010},  r={l20},  *h={52i)},  */={210},  jt;={lll}. 

The  angles  measured  are: 


Meanured. 


/i=010 
r=V20 
/i=520 
/=210 
;i=lll 


O  f 

0  (X) 

47  :i4 

79  30 

77  17 

(>5  47 


O  f 

90  00 

90  00 

90  00 

90  00 

48  14 


Calculated. 


O  /         I 

0  00  I 

47  30 

79  37 

77  06 

65  23 


o  / 

90  00 

90  00 

90  00 

90  00 

48  16 


The  two  new  forms,  A  and  /,  gave  the  following  measurenients: 


h  =;52o;. 


MeaMuriMl,   \  ('Mlculatc<), 


Ovstal  Nf».  1 

Do 

Crystal  No.  2 
Crystal  No.  4 

Do 

Do 


o 

/ 

79 

01  ] 

79 

19  ; 

79 

14 

80 

59 

79 

02 

79 

26  j 

79    37 


On  crystals  Nos.l  and  4  the  faces  are  very  nar- 
row, while  on  crystal  No.  2  the}"  arc  much  broader. 
The  reflections  were  fairly  good. 


/=;2io;. 


MoRsiirtMl,   '  CMlrulaUMi, 


Crystal  No.  3. 
Do 


7    21 


4  t         ''^       \ 

77     12  !f 


77     06 


Fio.  9.— Tellurite. 


The  faces  were  both  narrow  and  the  reflections  were  rather  poor. 

It  seems  to  the  writer  that  the  axial  ratio  as  given  by  Dana  should 
be  preferred  to  that  of  Goldschmidt,  who  doubles  both  the  a  and  c 
axes.     This  would  make  the  (only)  terminal  fonn  the  unit  pyramid, 


"  Dana's  letter*  and  indieei*. 
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while  the  forms  in  the  prism  zone  have  as  simple  indices  in  one  case 
as  in  another,  as  can  be  seen  from  the  following  table. 


I>ana. 

010 
110 
120 
140 

6 

7/1 .. 

r 

8 

Gold- 
8(!bniidt. 


010 
210 
110 
120 


h 
I 

V 


Dana. 


520 
210 

111 


Gold- 
Bchmidt. 


510 
410 
212 


8.  PRKIINITE. 

A  mineral  from  Lower  California,  sent  by  G.  F.  Kunz  for  detenni- 
nation,  proved  to  be  prehnite.  The  analysis  gave  the  following 
results: 

SiO, 43.48 

AlA 24.52 

Fe^Os 34 

CaO 27.19 

H,0 4.49 

100.02 
Specific  gravity 2. 90 


0.  IIORXRJ.KNDK. 

Coating  the  walls  and  projecting  into  the  amygdaloidal  cavities  of  a 
lava  from  Mono  County,  Cal.,  were  noted  small  crystals  of  hornblende, 
tridymite,  and  biotite.  The  locality  of  the  rock,  which  was  kindly 
furnished  by  Mr.  Maynard  Bixby,  of  Salt  Lake  City,  is  given  as  8 
miles  west  of  Bridgeport,  Mono  County,  Cal.  The  hornblende  and 
tridymite  occur  in  sharp  crystals,  of  which  a  few  were  measured. 

Biotite  occurs  abundantly  as  small  hexagonal  plates,  which,  under  the 
microscope,  show  at  times  a  zonal  banding  in  color,  the  darker  being 
on  the  outside.     The  axial  angle  is  very  small — at  times  uniaxial. 

The  hornblende  occurs  as  long  prismatic  crystals,  becoming  extremely 
acicular  and  hairlike  at  times.  It  is  often  grouped  in  radiating  bunches 
and  again  occurs  in  single  prisms.  Their  maximum  thickness  is  about 
one-half  millimeter,  and  in  length  they  reach  not  over  5  mm.  Under 
the  microscope  the  pleochroism  is  in  shades  of  brown.  The  maximum 
extinction  was  15^. 
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Two  terminated  crystals  of  measurable  size  showed  the  following 
forms:  c={00l},  J={010},  a={lOO},  7/i={110},  ^={20l},  2={02l}, 
/={I31}. 


Measured. 

Calculated. 

♦. 

1 

♦•                    p. 

1 

c  =001 

o 

90 
0 
90 
62 
90 
24 

• 

18 

/ 
25 

00 

14 

08 

o:^ 

Z9, 

0 

14 
90 
90 
90 
40 
32 

57 
00 
00 
00 
36 
50 
45 

o        / 

90    00 
0    00 

o         / 

14    58 

//  =010 

90    00 

a  =  100 

90   00  1      90   no 

m=110 

62    05 

90    00 

t  =201 

90     00  1         40     a') 

z  =021 

24     28 

32    50 

t  =131 

18 

42 

18    03 

42    49 

Crystal  No.  i  shows:  a,  6,  c,  m,  f,  z,  i. 
Crystal  No.  2  shows:  »,  6,  — ,  m,  — ,  z 


10.  TRIDYMrTE. 


Small  hexagonal  plates  of  tridymite,  1  mu).  in  diameter  and  rarely 
larger,  are  rather  plentiful  in  places.  The  forms  present  on  two 
crystals  which  were  partially  measured  are  c={0(X)l},  m={l010}, 
/={3250},  Z={5490},  r={3034{,  /=}l0l2}.  The  first  crystal  measured 
was  a  twin. 


Measured. 

Calculated. 

o 

/ 

o       / 

35 

06 

35    18 

90 

02 

90    00 

23 

20 

.     23    25 

26 

39 

26    20 

54 

48 

55    03 

43 

54 

43    39 

11.  ZIT^XWAL,I>ITE. 

The  occurrence  of  this  lithia  mica  has  already  been  mentioned  by 
Collier,^  who  has  very  kindly  furnished  the  writer  the  numerous  sam- 
ples collected.  He  gives  as  the  exact  locality:  On  Cassiterite  Creek 
(extension  or  branch  of  Lost  River),  5  miles  from  the  coast  and  8  miles 

a  Collier,  A.J.,  The  tin  duposita  of  the  York  region,  Alaska:  Bull.  U.  S.  Geol.  Survey  No.  229.  p.  20. 
Bu)l  262-05 9 
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ea8t  of  Cape  York,  Alaska.  It  is  Htatcd  to  occur  in  a  vein  cutting 
through  limestone.  The  )>owIder8  showing  the  zinnwaldite  are  float, 
and  in  some  of  these  there  is  a  vein,  about  a  centimeter  thick,  consist- 
ing almost  entirely  of  zinnwaldite.  Others  show  the  zinnwaldite 
scattered  through  massive  quartz.  Cassiterite  is  associated  with 
both  modes  of  occurrence.  As  further  associations  Collier  mentions 
iluorite,  feldspar,  calcite,  tourmaline,  topaz,  pyrite,  garnet,  galena, 
wolfmmite,  and  mahu3hite. 

The  zinnwaldite  has  a  brown  color,  and  occurs  massive  without  any 
crystal  boundaries.  It  fuses  easily  to  a  black  miiss,  coloring  the  flame 
crimson.  An  incomplete  quantitative  analysis  showed  that  the  niin- 
ei*al  is  undoubtedly  zinnwaldite.  The  small  dikes  before  mentioned 
are  bordered  on  one  side  by  a  rim  of  blackish  green  mica.  This  rim 
is  about  1  mm.  wide  and  is  well  developed  only  on  one  side  of  the 
dike,  though  it  is  present  on  the.  other  side  in  smaller  amount.  Under 
the  microscoiK;  the  rim  has  a  green  and  brown  color  and  is  uniaxial 
nearest  the  limestone,  but  the  axial  angle  increases  as  the  zinn- 
waldite is  approached.  In  many  places  the  two  miciis  are  intergrown. 
The  diflferenco  in  color  from  the  green  to  the  almost  colorless  zinn- 
waldite is  very  marked.  The  green  mica  is  probably  biotite,  possibh^ 
somewhat  altered  to  chlorite.  Further  description  of  the  zinnwaldite 
is  deferred  for  a  later  paper.  Of  the  associated  minerals,  cassiterite 
and  topaz  occur  in  small  crystals,  a  brief  description  of  which  follows. 
The  {issociation  of  cassiterite,  topaz,  and  zinnwaldite  is  also  note- 
worth  v. 

12.  CASSITERITE. 

The  crystals  of  cassiterite  vary  in  size,  ranging  from  a  thickness  of 
loss  than  1  mm.  to  several  cm.  The  large  ones  are  opaque  and  black; 
the  smaller  ones  are  usually  transparent  and  light  brown  in  color, 
becoming  nearly  colorless  at  times.     Twins  are  very  conmion. 

The  large  crvstjils  usually  show  the  simple  combination  of  a={lO()}, 
»/==|llO},  (  — -{oil},  .v=:{lll},  while  the  smaller  ones  usually  are  more 
complex.  Two  such  small  ones  were  measured,  the  first  one  a  simple 
crystal,  the  second  u  twin.  The  forms  noted  are:  </={l()0},  7/?={llO}, 
Z— {340},  /y={570]  ^  z'^lti^O},  A:={120},  6^=={011},  ^<={111},/={231},  and 
the  new  prism  /==:{l4o}. 
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Measured. 

Calculated. 

*. 

p. 

*. 

p- 

o        / 

0 

/ 

o        / 

o         / 

rt=100 

0    00 

90 

00 

0    00 

90    00 

i«=110 

45    00 

90 

00 

45    00 

90    00 

ibr=340 

36    35 

90 

00 

36    52 

90    00 

^=570 

35    48 

90 

00 

35    32 

90    00 

r=230 

33    37 

90 

00 

33    41 

90    00 

/i=120 

26    30 

90 

00 

26    34 

90    00 

/=140 

13    56 

IH) 

00 

14    02 

90    00 

e=011  

0    03 

33 

48 

0    00 

33    54 

«=111  

45    01 

43 

35 

45    00 

43    33 

/=231  

33    46 

67 

39 

33    41 

67    35 

The  prism  /={140}  was  noted  three  times  as  a  narrow  face,  meas- 
ui*ements  of  which  gave  the  following  values  for  the  ^  angle: 

o         / 

13    49 

13  19 

14  40 

The  dominant  terminal  form  is  {ill},  though  {Oil}  becomes  at  times 
fairly  large.  {231}  occurs  on  crystal  No.  1  as  minute  faces  and  also  as 
long,  narrow  line  faces.  -• 

13.  TOPAZ. 

Two  small  crystals,  about  2  mm.  long,  which  were  measured,  showed 
the  following  forms:"  i={010},  7m={11o},  /={120},  ;r={260},  ^={130}, 
y=r{02l},  /={011},  v={n'2},  s:={335}.  <>={lll}.  The  crystals  were 
rounded  and  broken  and  gave,  on  the  whole,  rather  poor  signals.  The 
measurements  serve,  however,  to  determine  the  forms. 


Measured. 

Calculated. 

o        / 

1     36 
61     59 
43     28 
37     00 
32    26 
0     38 
0    38 
61     56 
61     42 

p. 

o 

90 
90 
{)0 
90 
90 
61 
44 
45 
50 

*. 

P- 

6=010 

/                 o          / 

00           0    00 
00         62    08 
00         43    25 
00         37    07 

o          / 

90    00 

w=110 

90    00 

/=120 

;r=250 

90    00 

90   no 

<7=130 

00         32     14  1        00    no 

V  =021 

44           0    00 
24           0    00 
39         62    08 

62    20 

/=011 

n=112 

'13  39 
4.*)     .^ 

/i=335 

31         62    08           50    46 

o=lll 

63     10 

63 
is  u- 

00         62    08  ■        63    54 

1 
1 

The  onlv  terminal  form  on  crvf 

stal  No.  1 

={11 

2}. 

aGoldschmidt's  orientation,  chcvseu  Vu  V?\\\>LC\Va.\ift\\eii. 
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14.  BOURNONITB. 

An  analysis  of  massive  bournonite  from  Bogg's  mine,  Big  Bug  dis- 
trict, Yavapai  County,  Ariz.,  furnished  for  analysis  by  Prof.  C. 
Palache,  yielded  the  figures  given  below. 

S 20.04 

As 2.81 

Sb 18.99 

Pb i 40.21 

Cu 15.12 

Fe 35 

Zn 35 

Mn trace 

Insoluble 1 .  67 

99.54 
16.  ANHYDRITE. 

A  dejx)8it  of  crystallized  anhydrite  occurs  in  Texas,  the  exact  locality 
of  which  is  not  known.  The  crystals  are  small,  reaching  a  maximum 
of  1  noim.  in  length,  and  are  tabular  parallel  to  the  macropinacoid. 

The  base  is  present  as  a  long,  narrow  face. 

"S :31k       The  clinopinacoid  is  probably  present,  but 

the  zone  of  brachydomes  is  very  rounded 
and  striated,  no  sharp  faces  occurring  in 
this  zone.  Under  the  microscope  the  crys- 
tals snow  that  the  axial  plane  is  parallel  to 

Fig.  10.— Anhydrite.  ^  * 

J={010}  and  the  acute  bisectrix  is  normal 
to  a={l()0}.  The  interference  figure  is  about  as  large  as  that  of  mus- 
covite  and  is  positive.  An  analysis  was  made  of  the  mineral,  to  leave 
no  doubt  as  to  its  identity. 

CaO 41.01 

SOs 58.87 

Ign 22 

Insoluble 06 

100.16 
10.  GliAl  CODOT. 

A  sample  of  cobalt  ore  from  the  Standard  Consolidated  gold  mine, 
Sumpter,  Oreg.,  consists  of  glaucodot,  with  pyrite  and  perhaps  other 
sulphides,  in  a  dark  silicate  rock.  Imperfect  crystals  are  abundant, 
though  they  usually  show  but  one  or  two  faces.  Much  of  the  ore  is 
massive,  and  it  is  practically  impossible  to  determine  whether  it  is  all 
glaucodot  or  in  part  cobaltite.  One  crystal  was  measured.  The 
small  crystal  (about  1  mm.  long)  is  orthorhombic,  and  shows  the  fol- 
lowing forms:  v/i={llo},  5={()10},  <"={lOl},  and  a  very  much  striated 
brachydome  zone  in  which  the  following  forms  are  probably  present: 
{014},  {013},  {012}. 
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The  folio 

wing  are  the  angles  obtained: 

Measured. 

Calculated. 

*. 

p. 

4. 

p- 

/,  =010 

o           / 

0    34 
56    10 

o 

90 
90 

/ 
00 

00 

22 

33 

00 

00 

o         / 

0    00 
55    34 
90    00 
0    00 
0    00 
0    00 

o           / 

90    00 

w=110 

90    00 

e  =101  

90    20 
0    34 
0    34 
0    34 

60 
15 
22 
29 

60    04 

r  =014 

16    34 

q  =013 

21    39 

8  =012 

•«•••«««••*•«••••••*•**** 

30    46 

Many  other  signals  between  these  were  seen  in  the  striated  brachy- 
dome  zone,  but  they  probably  belong  to  no  definite  face. 
The  analysis  gave  the  following  results: 


Katio. 

48 

39.84 
18.46 
12.45 
20.23 
9.33 

0.94 

S 

1.04 

Fe 

}          1.02 

Co 

Insol 

100.36 

Nickel  and  antimony  were  not  determined,  though  they  were  shown 
not  to  be  present  in  any  quantit3\      The 
ratio  of  the  cobalt  to  iron  is  31:20  or  3:2, 
so  that  the  formula  may  be  written 


instead  of 


Co,  Fe,  Asj  Sj, 
RAsS,R=(Co,  Fe). 


17.  PYRITE. 


»^ 


nv 


Fio.  11.— Glaueodot. 


A  small  group  of  pyrite  crystals  from 
Spanish  Peaks,  Colo.,  kindly  presented  to 
the  writer  by  Mr.  R.  Sargent,  showed,  on 
examination,  a  rich  combination  of  forms, 

especially  in  the  pyritohedral  zone.  The  faces  are  for  the  most  part 
not  striated  and  give  excellent  reflections.  In  size  the  crystals  reach 
a  maximum  of  about  one-half  centimeter  in  diameter.  They  were  so 
closely  crowded  together  that  only  a  small  portion  of  each  crystal 
was  developed;  conse(|uently,  when  the  group  was  broken,  a  few  frag- 
ments showed  only  one  or  two  zones  of  faces. 
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Twenty-five  forms  are  present  on  the  twelve  crystals  measured. 
They  are: 

ar=470                                   d  =460  q  =112 

h  =350                                   $  =560  o  =111 

0=580                                   r=670  tt=221 


c=100 

^=1.10.0 

b=180 


/=140 
a  =130 
e  =120 
/?=590 


/)=570 
t  =340 
^=790 


rf=110 
K=n4 
m=113 


a:  =123 
^=124 
a>=134 


The  average  of  the  angles  measured  with  the  calculated  angles  are 
shown  in  the  following  table: 


No. 

Letter. 

Symbol. 

Meaitureil. 

Calculated. 

i 

1 

». 

P 

• 

4 

». 

p. 

o 

/ 

o 

/ 

/ 

o    / 

1 

c 

100 

90 

00 

90 

00 

90 

00 

90  00 

■'  2 

A 

1.10.0 

5 

49 

90 

00 

5 

43 

90  00 

3 

h 

180 

7 

08 

90 

00 

i 

08 

90  00 

4 

f 

140 

14 

03 

90 

00 

14 

02 

90  00 

5 

a 

130 

19 

06 

90 

00 

18 

26 

90  00 

6 

e 

120 

26 

34 

90 

00 

26 

34 

90  00 

7 

B 

590 

28 

59 

90 

00 

29 

03 

90  00 

8 

a 

470 

29 

30 

90 

00 

29 

45 

90  00 

9 

h 

350 

31 

04 

90 

00 

30 

58 

90  00 

10 

C 

580 

31 

59 

90 

00 

32 

(K) 

90  00 

U 

I) 

570 

:i5 

17 

90 

00 

35 

32 

90  00 

12 

• 

t 

340 

36 

5> 

VK) 

00 

36 

52 

m   00 

13 

E 

790 

o/ 

47 

90 

00 

37 

52 

W  00 

14 

S 

450 

38 

39 

90 

00 

38 

39 

90  00 

15 

5()0 

39 

48 

90 

00 

39 

48 

90  00 

1() 

r 

670 

40 

36 

90 

00 

40 

:m 

90  00 

17 

d 

110 

45 

00 

90 

00 

■15 

00 

90  00 

;  18 

K 

114 

45 

00 

19 

25 

45 

00 

19  28 

19 

m 

131  1 

18 

33 

72 

45 

18 

26 

72  27 

20 

7 

(         112 
I    121 

26 
44 

34 
59 

65 
35 

54 
15 

26 
45 

34 
00 

()5  54 
35  16 

21 

0 

111 

45 

00 

54 

44 

45 

00 

54  44 

22 

u 

(         122  ' 
I    221 

45 

26 

1 

00 
34 

70 

48 

31 
13 

45 
26 

00 
34 

70  31 
48  11 

(    123 

26 

35 

36 

40 

26 

34 

36  42 

23 

X 

132  i 

18 

31 

57 

40 

IS 

26 

57  41 

[    231 

33 

42 

74 

30 

33 

41 

74  30 

24 

^ 

124 

2i] 

20 

28 

40 

2() 

34 

29  12 

25 

CD 

134 

J 

18 

.18 

39 

37 

18 

26 

38  19 
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Of  the  pyritohedrons  /  is  the  dominant  form  and  is  always  well 
developed  in  large  broad  faces,  e^  tJ,  S,  y  occur  quite  frequently  as 
smaller  faces,  while  b, ./,  «,  «,  A,  are  rarely  present  as  very  narrow 
faces,  c  is  also  narrow  but  never  striated,  always  giving  perfect 
reflections.  The  dodecahedron,  rf,  is  usually  somewhat  uneven.  The 
octahedron,  o^  and  q^  ?/,  and  x  occur  commonly,  while  k^  ///,  ^,  w  were 
observed  but  once  each. 

18.  VAXADINITE. 

A  specimen  of  vanadinite,  doubtless  from  Yuma  County,  Ariz., 
shows  a  few  crystals  that  possess  a  large  number  of  forms.  The 
cr3"stal8  are  3  mm.  long  and  2  mm.  thick,  and  present  the  usual 
appeai'ance  and  habit  of  vanadinite.  The  zone  c  m  is,  however,  very 
rich  in  forms.  A  number  of  vicinal  forms  were  encountered  that 
seem  characteristic  of  the  particular  specimen.  Sometimes  the  crys- 
tals are  broken,  or  an  apjmrently  simple  crystal  may  be  composed  of 
seveml  ones  not  strictly  in  parallel  position.  In  such  cases,  each 
zone  0  m  was  carefully  adjusted  by  itself  and  the  angles  were  measured. 
A  continuous  lihe  of  signals  was  pmctically  never  encountered,  each 
face  being  distinct  and  giving  a  sharp  signal. 

The  forms  observed  are  quoted  l>elow. 


Known  forms: 

Known  forms — Cont: 

inued.    New  forms — Cont 

r=()001 

2=30Sl 

A'-11.0.TT.3 

a -1010 

n'-4041 

/>=10.0.To.l 

//=1120 

s-1121 

Vicinal  forms: 

/*=2130 

r=1122 

26.0. 2H.  25 

f/-:U40 

1=2131 

43.0.43.40 

(J  =1013 

1=4154 

19.0.T9.I0 

r=10T2 

/=3252 

15.0.15.7 

.r-lOTl 

New  fonns: 

Doubtful  forms: 

(5=5054 

d=h'M 

w-ll.O.TT.lO 

X=4043 

A— :m34 

7^=9095 

iz=\m2 

0=70/^6 

/>=9094 

fS=ry^\\ 

M=7075 

E=S083 

2/-2021 

.4=7074 

U  =  10.0.10.3 

7=5052 

i/=7072 

F-ll.O.rT.4 

186  Contributions  to  MiNKEALoar.  (»wu-« 

The  measured  nnd  cflltntlated  an^rles  for  all  these  forms  aTe: 


No. 

Mjrmbol, 

Meutnirud. 

Calculiital.             ' 

- 

MiUor. 
0001 

*. 

*■ 

^■ 

0 

DO 

0       , 

0    00 

2 

„ 

loTo 

0 

00 

DO 

00 

0 

00 

90    00 

,t 

h 

1120 

30 

00 

m 

00 

30 

00 

90    00 

4 

h 

21%) 

19 

Ofl 

90 

00 

19 

08 

90    00 

5 

9 

ai40 

13 

54 

ilO 

00 

13 

64 

90    00 

fi 

,1 

53SO 

21 

34 

HO 

00 

2t 

47 

90    00 

7 

6 

lola 

0 

00 

16 

23 

0 

00 

16    20 

s 

T 

loTa 

0 

00 

22 

22 

0 

00 

22    21 

It 

k 

3034 

0 

00 

3) 

44 

0 

00 

31     40 

10 

X 

1011 

0 

00 

3fl 

2B 

0 

00 

39    26 

u 

— 

20.0.  St.  26 

n 

00 

40 

26 

0 

00 

40    32 

12 

— 

43.0.43.40 

0 

00 

41 

2S 

0 

00 

41     29 

Vi 

n 

11.0.11.10 

u 

00 

42 

16 

0 

00 

42    08 

14 

„ 

7076 

0 

00 

43 

54 

0 

00 

43    49 

16 

S 

50M 

0 

00 

.45 

47 

0 

00 

45    47 

:   16 

y 

4043 

0 

00 

47 

37 

0 

00 

47    38 

17 

« 

7076 

0 

00 

4H 

05 

0 

00 

49    01 

18 

,t 

;«Ki2 

0 

00 

50 

53 

0 

00 

50    68 

lU 

fi 

fiORt 

0 

00 

r>4 

02 

0 

00 

63    63 

20 

.1 

70T4 

0 

00 

56 

13 

0 

00 

55     12 

21 

li 

«0S5 

0 

00 

»l 

OB 

0 

00 

66    57 

2-2 

- 

ID.  0.  Th.  10 

0 

00 

57 

24 

fl 

00 

67    23 

23 

ayji 

n 

00 

58 

42 

0 

00 

68    42 

24 

^ 

l.i.  0.  TB,  7 

0 

00 

m 

26 

(1 

00 

60    2fi 

25 

D 

ooii4 

0 

00 

01 

42 

0 

00 

01     37 

20 

'1 

50.^a 

0 

00 

(a 

43 

(1 

00 

04    03 

27 

K 

SOSi 

0 

00 

m 

;fli 

0 

00 

06    2S 

2« 

F 

11,0.11.4 

0 

00 

00 

10 

0 

00 

00    OM 

ffll 

3031 

0 

00 

07 

62 

0 

00 

07    50 

;mi 

1! 

10.0.  To.  a 

II 

00 

(HI 

5;) 

0 

00 

09    57 

31 

it 

7072 

0 

00 

70 

67 

0 

00 

70    50 

:(2 

K 

11.0.11,;! 

0 

1)0 

71 

3S 

0 

00 

71     3H 

3.1 

tr 

4041 

0 

00 

73 

04 

0 

00 

73    05 

:i4 

/, 

HI.  0.  D.  1 

(1 

00 

83 

09 

0 

00 

83    04 

i'V 

1 

im 

30 

15 

54 

40 

30 

00 

54    55 

36 

,• 

1152 

L»fl 

54 

36 

22 

30 

00 

35    27 

3" 

2131 

10 

m 

8.^ 

11 

19 

Ofl 

65    19 

3« 

5 

41.=M 

10 

M\ 

41 

411 

10 

53 

43    17 

J   ■■'" 

; 

3-»a 

■" 

3H 

00 

0:1 

^ 

■2.% 

60    50 
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Following  is  a  short  desc^ription  of  the  new  forms,  the  /o  angle  only 
being  given  for  the  pymmids,  ^  being  0^  00'. 

rf={638o}:  Four  faces  of  this  new  prism  were  noted,  always  as  line 
faces. 

o  /  o  / 

Meas.  0 21     20        Calc.  0 21     47 

37 

48 

^={3034}:  Onl}'  two  faces  of  this  form  are  present,  both  on  the 
same  crystal.  The  faces,  though  narrow,  are  broader  than  many  of 
the  others,  and  gave  fairly  good  reflections. 


0        / 

0 

/ 

Meas 31    45 

Calc....31 

40 

43 

{26.0.26.26}:  This  and  the  following  form  are  doubtless  vicinal  to 
{lOll},  though  they  )x)th  occur  a  number  of  times.  This  one  is  pres- 
ent on  four  crystals,  and  the  me^isurements  show  the  following  values: 


0 

/ 

0       / 

Meas.. 

..40 

24 

Calc....40    32 

26 

Calc.  for  ;  lOll ! 

m 

25 

• 

19 

25 

{43.0.43.40}:   This  vicinal   fonn  is  present  on  three  crystals'  and 
occurs  nine  times.     The  faces  are  small  and  the  reflections  fair. 


o  /  o  / 

Meafl 41     24        Calr....  41     2^) 

:{0        Calr.  for  ;i0ii;,  39°  2(i'. 

32 

16 

24 

:i5 

26 
37 


;j  =^{11.0. 11.10}:  This  form  occurs  on  two  crystals.     The  faces  are 
narrow  and  the  reflections  but  fair. 


o  /  o  / 

Meas....  42    24        Calc...  42    08 

20 
04 


The  form  can  be  only  classeii  as  doubtful. 
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o={7076}:  Occurring  on  thi-ee  crystals,  the  following  angles  were 
measured: 

o         /  o         / 

Meas,...  43    24        Calc...  43    49 

53 

44    06 

14 

1^=17075}:  The  reflections  from  the  very  narrow  faces  of  this  form 
were  poor. 

Meas... 


o          / 

o         / 

49     17 

Calc 

49    01 

16 

48    42 

^=|7074}:  This  is  the  most  prominent  of  the  new  forms,  and  occurs 
ten  times  as  (relatively)  broad  faces  on  four  crystals.  The  reflections 
were  usually  fairly  good. 

o  /  o  / 

Meas....  54    52        Calc...  55    12 

49 
52 
48 
55  35 
11 
38 
12 
24 
17 

^=|9095}:  A  very  doubtful  form,  present  as  very  narrow  faces 
giving  poor  reflections. 

o  /  o  / 

Meas....   56    18        Calc...  55    57 

05 

{I9.O.T9.IO}:  Another  vicinal  form,  doubtless  vicinal  to  {2021|. 

o     /  o    / 

Meas....  56  59    Calc...  57  23 
57  18 

18    Calc.  for  ;202lj,  58°  42' 

30 

19 

^'={15.0.15.7}:  Another  vicinal  form  occurring  on  three  cr^^stals. 

o  /  o  / 

Meas....   60    13        Calc...  60    25 

38 
24 

i?={9()64}:  A  doubtful  form  present  on  one  crystal. 

o        /  o         / 

Meas....  61    53        Calc...  61     37 

30 
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^={808c}:  A  very  doubtful  form. 


o        /  o         / 

Meas....  65    30       Calc...  66    29 
65 


i^={ll.0.11.4}:  A  doubtful  form. 


o        /  o         / 

Meas 66    01        Calc 66    09 

19 


6!^ ={10. 0.10. 3}:  A  doubtful  form. 


o         /  o        / 

Meas 69    54        Calc 69    57 


11=^7012):  Though  occurriug  but  onoe  as  a  small  face,  it  gave  a 
fairly  good  reflection. 

o        /  o        / 

Meas 70    57        Calc 70    50 

^={11. 0.11.3}:  Two  faces  of  this  form  were  noted. 

o         /  o         / 

Meas....  71    41        Calc...  71    39 

35 

Z -={10.0.10.1}:  Two  faces  of  this  form  are  present  on  one  crystal. 

o         /  o        / 

Meas 82    56       Calc S3    04 

83    21 

The  average  value  obtained  for  p^  is  0.8223. 

19.   Gl40BUIiAR  X.EPIDOIiITE. 

Text-books  on  mineralogy  do  not  mention  the  globular  fonn  for  the 
lithia-mica  lepidolite.  Su'cli  globular  forms  have  long  been  known  for 
muscovite,  and  in  fact  are  by  no  means  uncommon  for  that  species. 
While  studying  the  literature  of  lepidolite  in  general  two  occasions 
were  noted  in  which  globular  lepidolite  was  spoken  of. 

One  was  by  vom  Rath"  in  describing  the  lithia  deposits  of  the  island 
of  Elba.  On  page  649  he  says:  "  Zuweilen  sind  die  (lepidolite)  Blfltter 
zu  Kugeln  gruppirt" — at  times  the  (lepidolite)  plates  are  grouped  in 
spheres  (=globular). 

The  second  mention  was  found  in  Hamlin's*  book  on  Mount  Mica, 
Paris,  Me.,  in  which  he  sjiys: 

On  Noveiiibor  20,  1822,  E.  L.  Hamlin  sent  to  Professor  SiUiman,  at  Yale  College, 
a  1k)x  of  minerals  from  the  locality,  with  letters  and  catalogue  as  follows:  *  ♦  *. 
In  the  catalogue  Mr.  Hamlin  mentions  liIac-coIore<l  mica  as  found  in  small  globular 
concretifms. 

A  large  specimen  of  the  pegmatite  rock  in  front  of  Mr.  Bowker's 
barn,  at  Mount  Mica,  shows  a  number  of  these  spheres  of  lepidolite, 

a  Vom  Rath,  (i.,  Die  Insfl  Klba:  Zeltsohr.  d.  d.  geol.  Gt«.,  vol.  22, 1870,  p.  649. 
b  Hamlin,  A.  C,  The  History  of  Mount  Mica,  pp.  16-17. 
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several  centimeters  in  diameter.  At  Auburn,  Me. ,  several  specimens  of 
globular  lepidolite  were  found  in  the  summer  of  1904  by  Mr.  Wade, 
working  on  Puleifer's  ledge  on  Mount  Apatite.  Some  of  these  were 
fairly  large,  one  such  specimen  (by  no  means  the  largest)  collected  by 
the  writer  being  6  cm.  in  diameter  and  2^  cm.  thick.  Here,  at  Mount 
Apatite,  this  globular  form  of  lepidolite  is  abundant  and  forms  one  of 
its  characteristic  phases.  It  often  has  a  whitish  border  (a  few  milli- 
meters thick)  of  some  undetermined  mineral  (probably  a  mica)  sur- 
rounding it. 

20.  lilBETHEXITE. 

Some  minute  crystals  of  libethenite,  about  a  millimeter  in  diameter, 
from  Yerington,  Lyon  County,  Nev.,  proved  to  be  well  adapted  for 
measurement.  As  the  symmetry  of  the  mineml  has  been  regarded  as 
orthorhombic  by  some  writers  and  monoclinic  by  othere,  it  was  hoped 
that  the  measurement  of  these  crystals  might  contribute  something  to 
the  question.  The  results  have  been  very  satisfactory  and  show  that 
the  crystals  measured  are  orthorhombic  and  not  monoclinic. 

The  crystals  were  collected  by  Mr.  D.  Smith,  to  whom  the  writer  is 
under  obligations  for  the  material  investigated.  Qualitative  chemical 
tests  showed  the  presence  of  copper,  phosphoric  acid,  and  water. 

Some  time  after  these  measurements  were  made  an  article  by  Mele- 
zer^  appeared  on  the  symmetr}^  and  form  of  libethenite,  in  which  he 
came  to  the  same  conclusion  as  tlie  writer  in  regard  to  the  symmetry 
of  the  minenil,  his  conclusion  being  based  on  a  large  number  of  meas- 
urements of  Cornwall  crystals.  There  can  therefore  hardly  be  any 
more  question  as  to  the  orthorhombic  character  of  libethenite. 

The  crystals  measured  are  minute,  less  than  a  millimeter  in  diam- 
eter, but  well  formed,  and  the  faces  usually  give  very  good  and  sharp 
signals.  As  the  unit  prism  is  present  on  all  crystals,  they  were  easil}^ 
adjusted  in  true  polar  position  and  could  be  quicklv  and  accumtel}^ 
measured  with  the  two-circle  goniometer. 

Under  the  microscope  the  crystals  always  extinguish  parallel  to  the 
crystallographic  axes.  No  phenomena,  such  as  twinning  structure  or 
twinning  lamella?,  could  be  observed,  either  under  the  microscope  or 
on  the  goniometer. 

Seven  of  the  most  perfect  crystals  were  removed  from  the  matrix 
and  measured.  The  forms  observed  are:  b  =  {OiO}^  ?;/  =  {110},  *A={540}, 
(^={310},  *Z={410},  ^={011},  ^={101},  {^=111}. 

«Melezer,  G..  Ueber  LibethenlU»:  Zeit.  f.  Kryst.,  vol.  39,  1904.  p.  288. 
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The  anffles  measured  and  calculated"  for  the  eight  forms  given  arc: 


Symbol. 

Measured. 

No. 

Letter. 

Miller. 

*. 

p- 

0 

/ 

o          / 

1 

b 

010 

0 

01 

90    00 

2 

m 

110 

46 

11 

90    00 

3 

h 

540 

52 

26 

90    00 

4 

6 

310 

71 

46 

90    00 

5 

I 

410 

77 

02 

90    00 

6 

e 

Oil 

0 

00 

35    03 

7 

d 

101 

89 

56 

36    11 

8 

8 

111 

46 

11 

45    22 

*. 


0  00 

46  10 

52  28 

72  15 

76  30 

0  00 

90  00 

46  10 


lated. 

P 

. 

o 

/ 

90 

00 

90 

00 

90 

00 

90 

00 

90 

00 

35 

(H 

36 

10 

45 

23 

Besides  these  the  prism  t  =  {210}  seems  to  be  present  on  one  crys- 
tal, though  the  reflection  was  very  poor  and  the  measured  angle 
varies  several  degrees  from  the  calculated 
value. 

Measured  (^),  61^  55',  calculated  (^), 
64^  21'. 

The  new  prism  A ={540}  occurs  but 
once,  giving  a  fair  reflection. 

The  new  prism  /={410}  occurs  five 
times,  once  as  a  broad  face  and  the  other 
times  as  a  narrow  face. 

Goldschmidt  does  not  give  the  form 
rf={l0l}in  his  Winkeltabellen,  but  Melc- 
zer  gives  the   form  as  present  on   his 

crystals,  and  it  also  occurs  as  long,  narrow  faces  on  the  ciystals  meas- 
ured by  the  writer. 

In  habit  the  crystals  differ  somewhat  from  that  shown  in  Dana's  sys- 
tem, inasmuch  as  on  the  Nevada  crystals  the  pyramid  ^  is  large,  equal 
in  size  to  the  bi*achydome,  thus  making  the  prism  faces  subordinate  in 
size.     The  general  appearance  of  these  crystals  is  shown  in  fig.  12. 


Fig.  12.— Libethenite. 


ft  Calculated  anglcH  taken  from  Wiukeltabellen. 
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The  combinations  observed  are  shown  in  the  following  table: 


Crystal 
No. 

b 

m 

k 

6 

I 

e 

d 

a 

1 

m 

— 

— 

e 

8 

2 

b 

m 

e 

— 

8 

3 

b 

m 

8 

/ 

e 

d 

8 

4 

b 

m 

— 

€ 

d 

8 

5 

b 

m 

/ 

e 

d 

8 

6 

b 

m 

e 

8 

7 

b 

m 

h 

1 

/ 

e 

8 

From  all  the  good  measurements,  27  values  for  po  and  24  values  for 
qo  were  calculated,  the  average  values  being 

Po=.7308 
qo=.7014, 

which  agree  very  closely  with  those  given  by  Goldschmidt,  namely: 

Po=.7311 
qo=.7019. 

The  veJues  obtained  for  po  and  qo  arc  as  follows: 


1 
Po- 

<lo- 

Values. 

Measure- 
ments,   i 

Values. 

Measure- 
ments. 

.7^95 

1 

9      1 
^      1 

.  6993 

2 

.7297 

2 

.7002 

3 

.7301 

1 

.7004 

2 

.  7302 

1 

.7005 

1 

.  7303 

3 

.  .  7010 

I 

.7304 

3     ' 

1               .7011 

3 

.7305 

1 

.7014 

1 

.7308 

1 

.  7016 

1 

.7309 

1 

.7018 

2 

.7312 

3 

.  7021 

1 

.7314 

2 

.7022 

.7316 

3 

.  7026 

<> 

.  7319 

2 

.  7028 

2 

.  7321 

2 
27" 

.70;^ 

1 

Av.,  .7308 

A  v.,  .7014 

24 

8CHAL.LBR.] 


MINEBALOGIGAL    NOTES. 


148 


The  diflference  in  the  ^  and  p  angles,  for  the  forms,  calculated  from 
the  two  values,  differ  not  more  than  a  minute. 
The  average  value  obtained  by  Melczer  i.s 

Po=.7309 
qo=.7027. 

Taking  the  average  of  all  three  sets  of  values,  we  have 


p.- 

CJp. 

.7308 
.7311 
.7:^09 

.7014 
.7019 

• 

.7027 

Av.,  .7309 

Av.,  .7020 

The  axial  mtio  for  libethenite  then  l)ecomes 

a:b:c=  .0605  : 1 :  .7020. 


21.  CRY8TAI.X.OGRAPHY  OF  X,KPIDOIiITK. 

A  group  of  lepidolite  crystals  was  collected  by  the  writer  in  the 
summer  of  1904  at  a  gem  mine  about  4  miles  east  of  Kamona,  on  the 
stjige  road  from  Ramona  to  Julian,  San  Diego  County,  Cal.  The 
mine  was  opened  and  worked  for  its  gems,  such  as  topaz,  tourmaline, 
garnet,  etc.  With  thCvse  are  associated  quartz,  orthoclase  in  good 
crystals  at  times  several  feet  long,  muscovite,  and,  rarely,  lepidolite. 
The  minerals  in  question  all  occur  in  the  loose  dirt,  filling  ^'pockets" 
in  a  pegmatite  dike. 

The  specimen  of  lepidolite  under  consideration  consists  of  a  group 
of  intergrown  cr3^stals  which  often  reach  large  size.  The  group  itself 
is  about  5  cm.  thick  and  the  individual  crystals  measure  about  1  cm. 
across  the  base,  though  crystals  with  a  diameter  of  2  cm.  are  not  rare. 
The  crystals  are  also  proportionally  thick,  the  avemge  being  from  2  to 
4  mm.,  though  a  few  are  somewhat  thicker.  They  are  transparent 
and  of  a  ver}'  pale  pink  color,  and,  in  the  direction  normal  to  the  ver- 
tical axis  and  parallel  to  the  base,  of  a  slightly  deeper  tint.  They  fuse 
easily  to  a  white  enamel,  coloring  the  fiame  an  intense  crimson.  The 
side  faces  are  usuall}^  plane,  not  rounded  nor  striated,  and  of  a  brilliant 
polish,  giving  excellent  signals.  It  is,  however,  extremely  diflScult  to 
secure  a  complete  crystal  from  the  group  owing  to  the  perfect  basal 
cleavage,  which  will  cauvse  a  crystal  to  split  into  a  number  of  layers. 
This  will  also  at  times  cause  part  of  a  crystal  t<^)  become  slightly  dis- 
placed. In  consequence  of  this  difficulty  most  of  the  crystals  meas- 
ured are  only  parts  of    the   original  crystals,  and  two  such  pieces 
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measured  as  separate  crystals  may,  in  reality,  be  parts  of  one  and  the 
same  crystal. 

As  may  be  expected,  the  crystals  of  lepidotite  are  similar  to  those 
of  muscovite.  They  also  show,  however,  some  marked  differences. 
The  interfacial  angles  are  nearly  the  same  and  the  crystals  are  natur- 
ally referred  to  the  same  axes  as  muscovi^.  There  are  three  marked 
differences  between  these  crystals  and  those  of  muscovite:  (1)  The 
rarity  of  twins,  only  one  being  found  in  twenty -one  crystals;  (2)  the 
absence  of  the  characteristic  face  of  muscovite,  M  =  {22l};  and  (3)  the 
presence  of  the  a  fac^  {lOO},  occurring  on  10  out  of  21  crystals.  The 
crystals  are  not  so  striated  as  the  green  North  Carolina  muscovites, 
for  instance,  and  in  many  cases  the  faces  yielded  perfect  signals. 

The  common  forms  are  6*  =  {00l},  J  =  {010},  rt  =  {lOO},  <3  =  {023}, 
o  =  {112},  M  =  {lllK  ^^^  ^  ~  {^^A'  Besides  these  the  following  have 
been  determined:  3^=  {261},  z  ={132},  Z  =  {130},  and  possibly  several 
others,  as  {223},  {22l},  {112};  also  a  number  of  forms  which  occur  for 
the  most  part  as  broad  faces,  giving  good  reflections,  but  having 
anomalous  indices,  and  which  need  further  study. 

The  most  frequent  combination  is  ch  o  u  .?•,  after  which  comes  ch  o 
uxea.  Whenever  the  angle  (001): (010)  could  be  accurately  measured 
it  was  found  to  be  exactly  90^  00'  in  every  case,  and  the  distribution 
of  the  faces  also  indicates  monoclinic  synnnetrv. 

It  was  noticed  that  the  angle  between  the  same  forms  varied  slightly 
on  different  crystals.  The  faces  were  smooth  and  highly  polished,  and 
the  angles  could  easily  be  measured  with  an  error  not  greater  than  1'. 
It  is  suggested  that  this  variation  is  real,  and  is  due  to  the  fact  that 
lepidolite  is  an  isomorphous  mixture  of  two  end  products,  and  as  the 
rntio  of  these  two  products  varies,  the  cryst^illographic  and  physical 
properties  of  the  mineral  also  vary.  Further  study  on  the  possible 
correlation  of  the  various  properties  of  the  niineml  is  under  way. 

This  lepidolite  belongs  to  the  ^'second  class"'  of  Tschermak  or  the 
'^brachy diagonal  class"  of  Scharizer — i.  e.,  the  axial  plane  is  pai*allel 
to  the  clinopinacoid  and  not  normal  to  it.  The  trace  of  the  axial  plane 
was  always  parallel  to  one  arm  of  the  percussion  figure. 

The  above  is  onlv  a  brief  preliminarv  statement.  The  detailed  crvs- 
tallography  of  the  mincml  will  soon  be  published  in  a  paper  on  the 
mineralogy  of  this  entire  field  of  lithium  minerals  in  southern  California. 

The  writers  thanks  are  due  Mr.  Dan  Mcintosh,  jr.,  of  Kamona,  the 
owner  of  the  mine. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Waahingtim^  D.  CI,  Fehruary  15^  1905. 
'    Sir:  I  transmit  herewith  a  report  by  Mr.  C.   W.  Purington  on 
Methods  and  Costs  of  Gravel  and  Placer  Mining  in  Alaska,  and  rec- 
ommend its  publication  as  a  bulletin. 

Placer  mining  in  Alaska  is  affected  by  conditions  which  are  not 
combined  in  any  other  field  familiar  to  American  miners.  Hence  new 
methods  of  operating  must  be  substituted  for  those  which  are  employed 
in  other  regions  if  the  greatest  success  is  to  be  obtained.  In  too  many 
cases  this  fact  has  not  been  sufficiently  recognized  and  many  enter- 
prises have  therefore  failed  when  they  should  have  succeeded.  These 
failures  have  tended  to  deter  capital  from  entering  a  field  which  still 
presents  many  opportunities  for  profitable  investment.  Some  of  the 
factors  which  increase  the  cost  of  production  of  placer  gold  in  Alaska, 
such  as  high  rates  for  transportation,  are  changing  for  the  better; 
others,  such  as  the  inadequate  water  supply  and  low-stream  gradients 
which  prevail  in  many  localities,  are  permanent  and  must  be  met  by 
properly  applied  methods  of  exploitation.  It  is  these  facts  which  led 
to  the  investigation  so  successfully  carried  out  by  Mr.  Purington,  the 
results  of  which  are  here  presented. 

It  is  believed  that  this  report  will  stinmlate  the  mining  industry  by 

making  available,  in  compact  form,  the  accunmlated  results  of  the 

experience  of  mining  men  in  this  field  and  by  directing  attention  to 

those  mining  methods  developed  in  older  districts  which  appear  to  be 

adapted  to  the  conditions  prevailing  in  Alaska.     While  many  of  the 

figures  presented,  showing  cost  of  labor,  transix)rtation,  and  fuel,  are 

subject  to  fluctuation,  with  a  general  tendency  to  decrease,  yet,  as  a 

comparative  study  of  mining  methods,  this  report  will  form  a  valuable 

peimanent  contribution  to  mining  literature. 

Very  respectfully, 

Alfred  H.  Brooks, 

Geologist  in  Charge  Division  of  Alaskan  Mineral  Res(mrces. 

Hon.  Charles  D.  Waix^ott, 

Director  United  States  Geological  Survey. 
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METHODS  AND  COSTS  OF  GRAVEL  AND 
PLACER  MINING  IN  ALASKA. 


By  C.   W.  PURINGTON. 


rNTRODUCmON. 

Owing  to  the  fact  that  numerous  requests  have  been  received  by  the 
Geological  Survey  during  the  last  three  ycai's  for  information  regard- 
ing the  cost  of  operating  gold-bearing  alluvial  deposits  in  Alaska  and 
the  best  means  of  working  the  claims  in  the  various  districts,  the 
preparation  of  a  report  embodying  such  information,  in  so  far  as  is 
possible  from  data  at  present  obtainable,  was  decided  on. 

I  was  requested,  in  the  spring  of  1904,  by  Mr.  Alfred  H.  Brooks, 
geologist  in  charge  of  the  division  of  Alaskan  mineral  recources,  to 
proceed  to  some  of  the  most  important  placer  fields  of  Alaska  during 
the  open  season  of  1904  and  to  collect  data  for  an  economic  report. 
I  was  asked  also  to  visit  the  neighboring  British  fields  of  Atlin  and 
Klondike  for  the  purpose  of  comparison.  Mr.  Sidney  Paige  was 
assigned  as  my  assistant  for  the  field  and  office  duties,  and  has  rendered 
most  efficient  aid  during  the  entire  progress  of  the  work. 

In  the  north  the  Juneau,  Atlin,  Klondike,  Birch  Creek,  Fairbanks, 
and  Seward  Peninsula  districts  were  successivelv  visited,  and  on  the 
return  a  short  stay  was  made  at  the  gold-drodging  field  of  Oroville, 
Cal.  (See  PI.  II,  p.  14,  general  route  map.)  Data  concerning  the 
districts  not  visited — the  Porcupine,  Chistochina,  Cook  Inlet,  Forty- 
mile,  and  Rampart,  and  remote  parts  of  Seward  Peninsula — have  been 
collected  from  reliable  sources,  especially  from  mem})ers  of  the  Geo- 
logical Surve}^  who  have  made  investigations  in  those  portions  of 
Alaska. 

ITINERARY. 

A  start  was  made  from  Seattle  May  2G.  Five  days,  from  May  30  to 
June  3,  were  spent  in  the  vicinity  of  Juneau,  Alaska,  where  the  placers 
of  Silver  Bow  basin  and  the  power  plant  of  the  Alaska-Tread  well  mines 
were  inspected.  Six  days,  June  11  to  16,  inclusive,  were  spent  in  the 
Atlin  district  of  British  Columbia,  where  ten  plants  were  visited  on 
Pine,  Willow,  Boulder,  Spr\ice,  and  McKee  creeks  and  Gold  Run. 
Twenty -two  days,  June  t25  to  July  16,  inclusive,  were  spent  in  the 
Klondike  district  of  tlu*.  Yukon  Territory,  where  32  operations  were 
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visited  on  Gold  Run,  Sulphur,  Upper  Dominion,  Bonanza,  Eldorado, 
Hunker,  Last  Chance,  Bear,  and  Gold  Bottom  creeks.  Three  days, 
July  17  to  19,  inclusive,  were  spent  in  the  vicinity  of  Eagle,  Alaska, 
two  operations  on  American  Creek  being  visited.  At  Circle  the 
regular  route  of  transportation  via  Yukon  River  was  departed  fi*om. 
On  July  22  the  party  started  west  with  a  pack  train  and  reached  Dead- 
wood  Creek,  in  the  Birch  Creek  district,  on  July  24.  This  day  and 
the  next  were  spent  on  Deadwood  Creek,  where  6  operations  were 
inspected.  On  July  26,  5  operations  on  Mammoth  and  Mastodon  creeks 
were  visited.     On  July  27,  4  operations  on  Eagle  Creek  were  visited. 

The  route  was  then  pursued  westward  over  the  ridge  trail  to  Fair- 
banks Creek.  From  August  1  to  5,  inclusive,  nearly  all  the  operations 
in  the  recently  opened  Fairbanks  djstrict  were  visited,  including  35 
operations  on  Fairbanks,  Chatham,  Cleary,  Twin,  and  Pedro  creeks. 
On  Fairbanks  Creek  a  junction  was  made  with  Mr.  L.  M.  Prindle's 
party,  and  it  is  due  to  the  fact  that  the  two  parties  worked 
together  in  the  Fairbanks  district  that  all  thie  operations  were  visited 
in  the  few  days  available.  During  the  few  succeeding  days  as  much 
information  as  possible  was  collected  in  the  town  of  Fairbanks  con- 
cerning the  new  gold  finds  of  the  Tanana,  and  my  party  then  proceeded 
via  the  Tanana,  Yukon,  and  St.  Michael  to  Nome,  arriving  there 
August  20.  From  August  21  to  September  4,  inclusive,  21  operations 
were  inspected  on  Anvil,  Glacier,  and  Dexter  creeks  and  Grass 
Gulch,  and  on  Newton,  Peluk,  and  Dry  creeks. 

On  September  5  the  party  proceeded  to  Ophir  Creek  via  Cheenik 
and  Council,  and  from  September  5  to  17,  inclusive,  inspected  29 
operations  on  Ophir,  Crooked,  Warm,  Gold  Bottom,  Penelope,  and 
Big  Hurrah  creeks  and  Solomon  River. 

After  returning  to  Nome  a  week  was  consumed  in  completing  at 
the  offices  of  the  mining  companies  the  data  already  partially  obtained 
on  the  creeks  and  in  gathering  all  possible  information  concerning 
operations  in  portions  of  Seward  Peninsula  not  visited.  The  party 
arrived  in  Seattle  October  2,  and  after  a  few  da^^s  spent  at  Oroville, 
Cal.,  returned  to  Washington. 

FIELD  METHODS. 

Every  operation  in  a  district  was  not  visited,  but  enough  represen- 
tative claims  were  examined  to  give  a  fair  estimate  of  the  cost,  atility, 
and  adaptjibility  of  each  method  of  mining. 

For  assistance  in  obtaining  the  datii  necessary  a  blank,  a  copy  of 
which  is  given  on  pages  17-20,  was  sent  to  all  the  placer  miners  of 
Alaska  whose  addresses  were  known.  This  blank  was  accompanied  by 
a  circular  letter,  and  in  many  cases  by  a  personal  letter,  explaining  the 
purpose  of  the  investigation.  The  fact  that  replies  have  been  received 
{rom  all  parts  of  the  Territory,  in  many  cane^  from  the  most  remote 


FtJEiNOTON.l  INTRODUCTION.  15 

camps,  shows  that  the  mine  operators  take  an  interest  in  contributing 
to  the  preparation  of  the  work  in  hand. 

At  the  operation.s  visited  by  myself  or  by  Mr.  Paige  more  detailed 
information  was  collected  regarding  costs,  the  handling  of  water,  the 
setting  up  of  the  plant,  and  the  mechanical  appliances.  Forms  1,  2, 
3,  4,  or  5  (pp.  17-25)  were  used,  according  to  the  character  of  the 
operations.  Photographs  were  taken  of  all  the  operations  visited. 
Over  400  excellent  photographs  have  been  obtained  by  Mr.  Paige, 
some  of  which  are  reproduced  in  this  report. 

In  each  district  a  studv  has  been  made  of  the  water  resources,  the 
most  important  factor  in  placer  and  hydraulic  mining,  and  of  the  cost 
of  building  and  maintaining  ditches,  flumes,  and  storage  reservoirs  for 
the  purpose  of  using  water  under  pressure.  The  important  devel- 
opment of  ditch  building  in  Seward  Peninsula  has  l)een  especially 
considered. 

The  quantity  and  quality  of  timber  in  the  mining  districts  has  been 
considered  with  reference  to  its  use  for  fuel,  for  building  flumes  and 
sluice  l>oxes,  and  for  timbering  drift  mines.  It  is  an  unwelcome  fact 
that  the  important  placer  districts  of  the  Northwest  do  not  contain  a 
great  amount  of  timber,  and  the  mining  communities  of  the  interior 
must  use  with  discretion  the  scant  supply  of  native  timber  at  their 
command. 

The  questions  of  wages  and  cost  of  living  have  been  considered  from 
the  standpoint  of  both  the  laborer  and  his  employer.  Temporary  con- 
ditions govern  wages  in  Alaska  to  a  notable  degree,  and  the  table  of 
wages  applying  in  1904  must  be  understood  to  have  only  present  value. 
While  the  rate  of  pay  for  miners  appears  attractively  high,  the  cost  of 
living  and  of  transportation  to  and  from  the  ('ountry  must  be  consid- 
ered, as  well  as  the  shortness  of  the  active  season  and  the  low  rate  of 
winter  wages.  Alaska  presents  a  small  field  for  those  whose  aim  is 
limited  to  the  earning  of  a  day  wage.  On  the  other  hand,  men  who 
are  willing  to  work  for  wages  during  the  summer,  and  actively  and 
intelligently  prospect  during  the  winter  with  the  money  so  earned, 
have  always  the  chance  of  finding  and  locating  a  pay  streak  for  them- 
selves. 

The  main  ol)ject  has  been  the  determination  of  the  cost  and  most 
expeditious  means  of  getting  out  the  auriferous  material — gravel, 
sand,  or  l)od  rock;  of  the  cost  of  obtaining  its  valuable  contents;  of 
the  best  methods  of  hydraulic  mining;  of  the  cost  of  removing  over- 
burden under  each  set  of  conditions,  and  of  handling  the  tailings;  of 
the  capacity  and  cost  of  installing  mechanical  methods;  of  the  cost, 
capacity',  and  adaptjibility  of  the  methods  employed  to  thaw  frozen 
gravel;  and  of  the  most  feasil)le  method  of  mining  in  little-developed 
districts. 
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Care  has  been  taken  to  avoid  the  publication  of  figures  which  were 
accompanied  by  the  request  that  they  remain  confidential.  It  may,  in 
general,  be  said  that  the  detailed  data  furnished  have  been  used  mainly 
for  the  purpose  of  compilation,  and  have  not  been  herein  specifically 
transcribed. 

In  addition  to  matters  relating  directly  to  the  operation  of  placer 
mines,  attention  has  been  given  to  means  and  cost  of  freight  and  pas- 
senger transportation.  Whoever  contemplates  engaging  in  mining  in 
the  northwest  portion  of  America,  especially  in  the  interior  Alaska 
country,  can  not  devote  too  much  attention  to  the  study  of  the  cost  of 
transportation  of  supplies.  For  the  benefit  of  those  who  must  depend 
on  local  supply  points  in  the  north  for  their  needs,  a  table  is  given 
showing  present  costs,  at  each  principal  point,  of  the  articles  most 
necessary  to  the  miner. 

As  regards  tmnsportation  facilities,  care  has  been  taken  to  collect 
and  embody  in  this  report  all  available  data  and  statistics  relating  to 
the  construction  of  wagon  roads  in  the  Northwest.  The  neighboring 
fields  of  British  Columbia  and  the  Yukon  Territory,  in  (knada,  have 
afforded  excellent  opportunity  to  obtain  costs  and  methods  of  road 
construction  applicable  to  the  Alaska  interior.  Recommendations 
regarding  the  most  practical  and  serviceable  routes  for  road  construc- 
tion in  Alaska  have  been  made  in  a  previous  report  by  Mr.  Alfred  H. 
Brooks.''  The  need  of  these  roads  can  not  be  urged  too  strongly,  and 
the  expenditure  of  $1,000,000,  as  suggested  by  Mr.  Brooks,  would  be 
many  times  repaid  by  the  resulting  development  and  increased  gold 
production.  Already  over  3iX)  miles  of  wagon  road  have  been  built 
by  the  Canadian  government  in  the  Yukon  Territory  and  the  Atlin 
district  of  British  Columbia,  while  over  MOO  miles  of  sled  roads  have 
been  made  in  the  Yukon  Territory.  The  fact  that  in  the  sunuuer 
wagons  and  vehicles  of  all  descriptions,  and  even  bicycles,  may  be 
seen  daily  about  Dawson,  the  Klondike  creeks,  and  Atlin,  in  British 
Columbia,  while  the  winter  roads  in  Canadian  territory  afiord  contin- 
uous  easv  routes  for  horse  sleds  down  the  Yukon  to  Dawson,  is  evi- 
dence  of  the  success  of  the  Canadian  road-l)uil(ling  enterprise.  On 
the  other  hand,  there  ani  in  Alaska  less  than  .'^►O  miles  of  well-built 
wagon  roads,  and  the.se  have  been  constructed  by  private  enterprise. 

No  attempt  has  been  made  to  give  a  detailed  account  of  the  topo- 
graphic and  geologic  conditions  in  the  districts  visited,  except  w-here 
such  conditions  have  a  direct  bearing  on  the  method  to  be  employed 
in  working  the  ground.  The  Geological  Survey  has  already  pub- 
lished many  exceedingly  valual>le  reports  and  maps,  most  of  which 
ai"e  distributed  free  of  charge.  A  list  of  the  Survey  publications  on 
Alaska  is  given  at  the  end  of  this  bulletin.  Any  prospector  who  is 
unprovided  with  the  reports  concerning  the  region  in  which  he  is 
working  lacks  an  important  part  of  his  eciuipment. 
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It  should  be  distinctly  understood  that  the  purpose  of  the  expedi- 
tion on  which  this  report  is  based  was  not  the  sampling  of  gold-gravel 
deposits.  Sampling  is  the  business^of  the  mining  engineer  acting  in 
a  private  capacity,  and  is  neither  practicable  nor  permissible  for  officers 
of  the  Federal  Government. 

Information  concerning  the  tenor  of  the  gravels  worked  was  fre- 
quently given  by  operators  whose  claims  were  visited,  and  such  state- 
ments have  been  considered  in  the  estimates  of  the  average  tenor  in 
gold  of  the  gravels. 

On  the  following  pages  are  reprinted  the  circular  letter  and  the 
forms  which  were  sent  to  miners  in  Alaska: 

Circular  letter  sent  to  placer  miners. 

Your  kind  cooperation  is  earnestly  requeeteil  in  the  preparation  of  the  report  on 
the  placer  mining  methods  of  Alaf^ka,  which  has  been  undertaken  by  this  Office 
under  the  sui^rvision  of  Mr.  Alfred  H.  Brooks,  geologist  in  charge  of  division  of 
Alaskan  mineral  resources. 

Mr.  Chester  W.  Purington  has  been  detailed  to  investigate  some  of  the  principal 
placer  districts  of  the  Northwest  during  the  coming  summer,  and  will  personally 
obtain  as  nmch  information  as  passible.  It  being  impracticable,  however,  to  visit 
each  operatfjr,  you  are  requested  to  assist  in  the  prejwiration  of  this  report  by  fur- 
nishing HU<*h  data  concerning  your  placer  and  the  methods  employed  in  operating  it 
as  are  aske<l  for  on  the  accomimnying  blank  form.  The  information  furnished  will 
materially  aid  the  investigation  and  will  insure  the  inclusi<m  of  all  the  districts  in 
the  final  report,  which  it  is  expected  will  l)e  distribute<l  in  1905. 

Methoils  of  operating  are  improved  and  rendered  more  effective  by  a  community 
of  interest,  and  while  data  furnished  by  you  and  made  use  of  in  the  report  may  assist 
some  other  ojierator,  you  also  may  derive  benefit  from  it  through  the  suggestions  of 
others. 

The  resulta  alrea<ly  attaine^l  in  placer  mining  in  Alaska  and  neighboring  territory 
will  be  made  use  of  for  the  purpose  of  outlining  the  most  advisable  methods  to  be 
followed  in  each  (»f  the  principal  placer  districts.  F}sj)ecial  attention  will  Ix?  given  to 
gold  dredging,  hydraulic  plac^er  mining,  the  employment  of  elevators  for  obtaining 
artificial  grade,  and  the  determination  of  the  l^est  methods  for  the  thawing  of  frozen 
gravel.  A  spe<*ial  feature  of  the  report  will  be  a  comparison  of  costs  of  operation  by 
various  methods  in  all  parts  of  the  placer  fields.  It  is  evident  that  for  carrying  out 
the  plan  full  datii  arc  necessary  concerning  tlu»  character  of  the  ground,  the  local 
conditions,  and  the  methods  at  present  in  use. 

As  the  value  of  theses  reports  <lepeRd8  largely  ui>on  the  promptness  of  their  publi- 
cation, an  early  reply  is  earnestly  rtMiue^<^te<l.  Please  answer  the  questions  on  the 
schedule  as  far  as  i>os8iblo.  If  you  can  not  give  the  exact  figures  in  all  cases,  make 
the  replies  as  approximately  correct  as  possible. 

A  copy  of  the  report  will  be  sent  to  cAch  operator  furnishing  a  statement.  An 
addressed  envelope  is  inclose*!,  which  re(]uiros  no  stamp. 

Form  Xo.  i,  ^f/*/  to  golfi-plorer  inintTS  of  Alaska, 

It  is  hoped  that  even  in  cases  where  the  operator  does  not  care  to  give  full  data 
concerning  his  property  and  operations  he  will  furnish  at  least  a  part  of  the  informa- 
tion requested.  Very  few  of  the  facts  obtained  will  be  embodied  directly  in  the 
report,  but  from  the  sum  of  them  will  \)e  drawn  conclusions  and  suggestions  which 
it  is  hoped  will  1h»  of  value  to  the  gold-mining  community  as  a  whole. 

BuJJ.  203- m 2 
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1.  What  is  the  name  and  post-office  address  of  firm,  corporation,  or  individual 

making  this  report? 

2.  What  is  the  name  of  mine? 

3.  What  is  the  location  of  mine,  and  in  what  district?     (Note. — Give  name  by 

which  district    is    commonly   known,  such  as   "Birch    Creek,"    **Ophir 
Creek,"  etc.) 

4.  By  whom  is  the  property  owned? 

Address: 

5.  By  whom  is  the  mine  managed  ? 

Address: 

6.  (a)  How  long  has  the  mine  been  oi)€rated,  and  what  was  date  of  opening? 

(b)  How  many  ounces  of  gold  has  it  produced  ? 

(c)  What  was  the  gold  worth  per  ounce?  • 

7.  What  is  the  character  of  the  deposit?     (Creek,  bench,  river  bar,  seabeach,  or 

gravel  plain.) 

8.  (a)  How  many  acres  does  it  contain? 

(6)  What  are  its  approximate  dimensions? 

9.  How  many  men  are  employed,  and  how  much  are  they  paid? 

10.  How  many  shifts  are  worked,  and  how  many  men  on  each  shift? 

11.  Between  what  dates  is  gravel  extracted? 

12.  Between  what  dates  is  it  washed? 

13.  (a)  Is  there  timber  on  the  property? 

(6)  If  so,  how  much,  and  of  what  kinds  and  average  size? 

(c)  What  does  sawed  lumber  cost  per  thousand? 

(d)  Where  is  sawed  lumber  obtained? 

14.  (a)  If  gravel  is  in  a  stream  bed,  what  is  the  grade  of  the  stream  per  mile,  in 

feet? 
(b)  How  many  miner's  inches  or  cubic  feet  of  water  are  used  in  mining  oper- 
ations, and  for  how  many  months  in  the  year? 

15.  How  much,  in  dollars  or  c^nts,  must  the  gravel  contain  per  cubic  yard  to  pay? 

16.  How  far  below  the  surface  does  the  pay  gravel  lie? 

17.  Will  you  please  describe  a  section  of  the  overburden,  giving  the  succession  and 

thickness  of  turf,  soil,  sand,  round  or  angular  gravel,  clay,  etc.? 

18.  (a)  Does  pay  lie  directly  upon  bed  rock?     {b)  If  not,  upon  what  does  it  rest, 

and  what  is  beneath? 

19.  How  wide  and  thick  is  the  pay? 

20.  Does  it  follow  any  definite  channel  or  channels? 

21.  Is  there  more  than  one  pay  streak? 

22.  Is  the  pay  gravel  sandy  or  clayey? 
Is  the  gravel  rounded  or  angular? 
What  is  the  usual  diameter  of  the  stones? 
What  per  cent  are  over  6  inches  in  diameter? 
What  per  cent  are  over  18  inches  in  diameter? 
Is  ground  frozen? 
If  so,  to  what  depth? 
Is  bed  rock  hard  or  soft? 
What  kind  of  rock? 

If  slate,  or  thinly  bedde<l  rock,  what  is  its  angle  or  dip? 
Is  bed  rock  excavated  in  mining? 
To  what  depth? 

Do  you  get  coarse  or  fine,  flaky  or  shot  gold? 
Are  nuggets  found? 
Of  what  size? 


23.  ( 

;«) 

,6) 

[c) 

[d) 

24.  1 

:«) 

:*) 

25.  1 

.a) 

[b) 

[c) 

26.  1 

:«) 

[b) 

27.  1 

;«) 

[b) 

[c) 
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28.  (a)  Iti  gold  smooth  or  rough? 

b)  Rusty  or  bright? 

c)  Flat  or  chunky? 

29.  (a)  Does  nature  of  gold  vary  from  grass  roots  to  pay  or  in  different  parts  of  the 
pay  streak? 

b)  If  so,  in  what  way?    Please  describe. 

30.  (a)  What  amount  of  black  sand  is  caught  per  cubic  yard  of  gravel  washed? 
b)  What  amount  of  other  materials? 

31.  (a)  Are  other  valuable  minerals  caught  besides  gold? 
b)  If  so,  what  are  they  and  in  what  amount? 

32.  Under  which  of  the  following  heads  do  your  operations  come,  and  will  you 
briefly  describe  the  important  features?  (Operations:  tundra,  beach,  creek, 
or  bench  mining. ) 

33.  How  many  cubic  yards  of  gravel  are  washeil  per  day  during  the  season? 

34.  How  many  cubic  yards  of  overburden  are  stripped  during  the  season? 

PROSPECTINCJ   (GROUND. 

1.  (tt)  Has  ground  been  prospected  by  pits  or  by  drill  holes? 
(6)  If  by  pits,  what  was  the  size  and  depth? 

2.  (a)  How  many  were  dug? 
(b)  What  did  they  cost? 

3.  (a)  Did  they  need  timbering? 
(6)  If  so,  how  closely  and  how  heavily? 

4.  If  groimd  was  prospected  by  drilling,  what  size^  depth,  and  number  of  holes 
were  used? 

5.  (a)  What  was  the  cost  per  foot? 
(b)  What  was  the  cost  of  equipment? 

6.  What  difficulties  were  encountered? 

7.  How  did  the  results  from  mining  compare  with  the  probable  results  as  indi- 
cated by  prospecting? 

HYDRAULIC  OPERATIONS   AND   EQUIPMEin'. 

1.  How  much  water  is  used,  and  how  is  it  distributed  in  the  operations? 

2.  What  is  the  length,  capacity,  and  grade  of  ditches,  and  head  and  tail  flumes? 

3.  Wliat  is  the  length  and  size  of  pipe  lines,  and  of  what  is  pipe  made? 

4.  W^ill  you  kindly  describe  giants,  as  to  size,  make,  capacity,  effectiveness,  ettr.? 

5.  How  are  bowlders  handled? 

6.  What  and  how  nmch  material  is  ccmsumed,  such  as  lumber,  quicksilver, 
powder,  etc.? 

7.  What  is  the  effectiveness  of  a  giant  upon  frozen  gravel? 

8.  How  much  gravel  ia  moved  in  24  hours,  and  what  does  it  cost? 

9.  Are  elevators  used,  and  if  so,  what  has  been  your  experience  with  them? 

10.  How  much  water  do  thev  use? 

11.  Of  whose  make  are  they,  and  will  you  kindly  describe  them? 

12.  How  large  stones  will  they  handle? 

DREDGING. 

[Note.— If  blueprints  or  photogrraphs  are  furnished,  they  will  be  returned  if  desired.] 

1.  Will  you  kindly  give  a  general  description  of  dredge:  Maker,  type,  size,  esti- 
mated capacity,  cost,  and  some  details  of  construction;  especially  of  new 
features  that  have  proved  advantageous. 

2.  How  are  bowlders  handled? 
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3.  How  deep  will  buckets  or  dipper  dig? 

4.  What  is  capacity  of  buckets? 

5.  What  are  arrangements  for  moving  dredge  and  holding  it  in  place? 

6.  How  is  gravel  sized? 

7.  Are  plates  or  quicksilver  used? 

8.  What  is  the  life  of  wearing  parts? 

9.  What  kind  of  power  and  engines  are  used? 

10.  What  fuel  is  used,  and  what  is  its  cost? 

11.  What  type  of  pumps  are  us^,  and  what  is  their  capacity? 

12.  How  many  cubic  yards  of  gravel  have  been  handled  in  a  given  time  from  past 
record? 

13.  What  special  difficulties  are  encountered? 

14.  What  is  cost  of  dredging  under  local  conditions? 

15.  Is  frozen  ground  encountered,  and  if  so,  how  does  dredger  work  in  it? 

In  case  of  special  operations  not  covered  by  the  above  summary,  will  you  kindly 
give  brief  descriptions,  especially  of  apparatus  which  has  proved  successful  in  han- 
dling placer  gravel  under  northern  conditions? 

The  following  space  is  left  blank  in  order  that  any  special  description  of  the 
property  may  be  given. 

You  are  requested  to  fill  out  this  schedule  as  soon  as  possible  and  return  in  the 
inclosed  envelope  which  requires  no  stamps. 

Forms  2,  3,  4,  5,  6,  contained  the  first  thirty-four  questions  in  form 
1,  and  the  questions  in  form  1  regarding  prospecting  ground.  In  addi- 
tion the  following  data  were  asked  for,  a  separate  form  being  used 
according  as  the  operations  came  under  the  heads  of  hydraulic  mining, 
dredging,  open  cutting,  or  drift  mining.  • 

Form  2, — Hydraulic  mining. 

Size  of  head-gate. 

Dimensions,  grade,  length,  capacity,  and  cost  of  head  ditch. 
Cost  of  maintaining. 
Length  of  flume,  if  any. 

Dimensions,  grade,  and  size  of  luml)er  in  bottom,  sides,  and  battening;  size  and 
length  of  posts  and  sills  in  head  flume;  number  of  collars  to  box. 
Amount  of  trestling  and  cost  of  same.     Size  of  sills,  i)08t8,  and  stringers. 
Is  flume  or  ditch  covered  to  prevent  freezing?    Describe  method. 
Number  of  relief  gates  in  ditch  hne. 
Are  inverted  siphons  used?    If  so  describe. 
Amount  of  water  available. 
Size  pressure  box  and  size  lumber  used. 
Head  of  water  in  feet. 
Length  of  pipe  line  from  pressure  box. 
If  more  than  one  pressure  box  or  pipe  line,  describe. 
Size,  gage,  cost,  and  nature  of  pipe  employed. 
Where  obtained.  ~    ' 

Kind  of  joints. 

Kind  and  number  of  air  valves. 
Method  of  setting  and  unsetting  pipe. 
Size  of  pipe  at  giant  or  giants. 
Is  water  diverted  for  other  purposes  beside  giant? 
If  so,  how  much,  and  for  what  purposes? 
Number  and  angles  of  elbows  in  main  pipe  line. 
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Size,  make,  and  cost  of  giant  or  giants  used. 

Size  nozzle  used,  with  or  without  deflector. 

How  often  is  giant  moved  ? 

What  height  of  hank  is  operated  on  ? 

What  modifications  adopted  in  system  of  piping  owing  to  frozen  gravel? 

Does  giant  clean  hed  rock  7 

If  not,  how  is  bed  rock  cleaned  ? 

How  much  gravel  is  moved  i)er  shift? 

If  bankhead  or  by  wash  water  used,  how  much  ? 

How  are  bowlders  handled,  derricking  or  shooting? 

Cost  of  handling  bowlders. 

Size,  capacity,  and  cost  of  derrick  and  plant;  cost  to  operate. 

At  what  distance  is  head  box  of  tail  sluice  from  giant? 

Dimensions,  grade,  and  length  of  boxes  in  tail  sluice. 

Number  of  boxes. 

Size  of  lumber  in  bottom,  side,  and  lining  boards. 

Method  of  making  sluice  box,  size  of  posts  and  sills. 

Cost  and  time  to  make  and  put  in  place  one  box. 

Life  of  lining  boards. 

Largest  stones  put  through  sluice. 

Average  cost  of  shooting  bed  rock  to  keep  sluice  on  grade. 

Kind  of  riffles  employed  in  the  sluice — distribution. 

Cost  and  life  of  same — preference  of  riffles. 

Amount  of  quicksilver  used. 

Amount  of  quicksilver  consumed. 

Are  undercurrents  used  ?  Description,  number,  distribution,  area  of  eac^h,  grade, 
results. 

Per  cent  of  gold  saved  in  different  parts  of  sluice. 

Per  cent  of  gold  saved  in  undercurrents. 

Per  cent  of  gold  lost. 

Is  gravel  forke<l  in  the  sluice  ? 

Is  dump  moved  after  leaving  end  sluice  box  ? 

If  so,  by  what  power  and  to  what  distance  ? 

Are  tailings  impounded?    If  so,  for  what  reason? 

Method  and  cost  of  impounding. 

Cost  of  breaking  down,  moving,  and  washing  gravel  per  cubic  yard. 

Improvements  contemplated  or  suggested. 

If  hydraulic  elevator  is  used — make,  size,  weight,  and  cost  of  elevator. 

Depth  of  sump. 

Effective  lift  of  elevator. 

Pressure  necessary  to  obtain  lift. 

Size  of  throat,  upcast  pipe,  and  nozzle. 

Weight,  thickness,  material,  life,  and  cost  of  throat. 

Method  of  joining  upi'ast  pipe. 

Sha{)e,  material,  and  life  of  hoo<l. 

Largest  stones  handled. 

Amount  of  water  handled  by  elevator. 

Amount  of  gravel  handled  by  elevator. 

Amount  of  water  fed  to  nozzle. 

Are  auxiliary  water  lifts  used  ? 

Is  any  metho<l  beside  piping  used  for  feeding  gravel  to  elevator?    What  method. 

Descril)e  sluice  boxes  before  elevator,  if  any — number  of  boxes,  grade,  dimensions, 
riffles. 

Describe  tail  slm'ce — length,  grade,  dimensloua,  nHl^, 
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Per  cent  of  gold  caught  before  and  after  elevator. 
Frequency,  time,  and  cost  of  moving  elevator. 
Difficulties  encountered  in  its  use. 

Form  S,  — Dredging, 

Make  and  cost  of  dredge. 

Estimated  and  actual  capacity  of  dredge  in  cubic  yards  per  twenty-four  hours. 

Is  dredge  in  a  river  or  in  self-made  pond? 

Depth  to  which  buckets  dig,  and  height  of  bank  above  water  level. 

Where  was  hull  constructed  and  of  what  material? 

Feet  of  lumber  in  hull  and  cost  of  hull. 

t)imensions  and  draft  of  hull,  loaded. 

Weight  of  machinery.  x 

Power  used,  nature,  amount,  cost  per  day. 

Height,  size,  method  of  bracing,  and  inclination  of  gaun trees. 

Size,  weight,  position,  and  description  of  spuds,  if  used. 

Size,  number,  position,  and  use  of  winch  drums. 

Position  of  lever  house. 

Size,  number,  and  length  of  cables. 

Does  dredge  dig  on  spud  or  head  line? 

Length,  width,  weight,  material,  of  digging  ladder. 

Material  and  weight  of  tumblers. 

Number,  capacity,  arrangement,  weight,  shape,  and  cost  of  buckets. 

Material,  life,  and  cost  of  bucket  lips,  pins,  and  bushings. 

Are  teeth  used  on  any  buckets? 

How  far  in  front  of  bow  will  buckets  dig? 

What  size  of  stones  are  handled? 

Do  buckets  clean  bed  rock? 

Describe  save-all,  if  used. 

Is  nozzle  used  for  cleaning  buckets? 

Is  trommel  or  shaking  screen  used?    Preference. 

Dimensions  and  life  of  trommel;  size  holes. 

Is  side  chute  used  for  large  stones?    Describe  grizzly. 

Is  sluice  box  with  auxiliary  float  used?    If  so,  describe. 

Is  stacking  ladder  used?    Length,  how  driven,  yteel-link  l)elt,  or  rubber  belt,  width. 

Height  and  distance  from  stern  stacked. 

Life,  efticiency,  and  co^t  of  stacker  belt. 

Treatment  of  fines,  area,  grade,  and  description  of  tables;  kind  of  riffles  most  suc- 
cessful, amount  of  quicksilver  used. 

Is  sand  pump  used?    How  often? 

Clean  up,  how  often?    State  method  used  and  time  consumed. 

Size,  make,  and  cost  of  pump  used  for  supplying  sluice  water;  height  of  lift. 

Distribution  of  power;  how  much  to  each  operation. 

Size  and  capacity  of  boilers  and  engines  or  dynamos  used;  describe  connections 
pulleys,  and  clutches. 

Special  difficulties  owing  to  northern  conditions. 

Most  frequent  breakages. 

What  kind  of  ground  does  dredge  work  best  in? 

What  kind  of  ground  does  dre<ige  have  most  difficulty  in? 

If  in  pond,  is  water  pumped  in?    How  much?     From  what  source? 

Cost  per  cubic  yard  of  digging  and  washing  gravel. 


WWHOTOM.]  FORMS   SENT   TO    MINERS.  28 

Form  4' — 0/>en  cut  (not  uvrked  by  hydratdicking). 

Depth  of  overburden  stripped. 

Method  of  stripping;  by  ground  sluicing,  hydraulicking,  scraping,  or  booming. 
Cost  per  cubic  yard  of  stripping;  amount  stripped  in  a  given  time. 
Source  of  water. 

Amount  of  water  in  miner's  inches. 
Length  of  ditch  or  flume  and  dimensions. 

If  water  is  pumped  for  sluicing,  kind  of  pump  used  and  cost  of  pumping  per  cubic 
yard  of  gravel  handled. 
Dimensions  and  grade  of  sluice  boxes  and  number  used. 
Is  mud  box  used?    Dimensions. 
Disposal  of  large  stones. 

Size  of  lumber  used;  one  or  more  strings  of  boxes. 
System  of  joining  and  setting  up  boxes. 
Kind  of  riffles,  cost  and  life. 

Dimensions  of  pit  worked  with  one  set-up,  frequency  of  new  set-ups,  and  time  con- 
sumed in  changing. 
How  is  seepage  water  handled,  by  pump  or  drain? 

Dimensions,  length,  grade,  capacity,  cost,  and  method  of  constructing  drain;  diffi- 
culties with  drain. 
Is  China  pump  used?    Capacity;  cost  of  pumping. 
Is  power  pump  used?    Capacity;  cost  of  pumping. 
Describe  system  of  dams,  if  used,  method  of  construction  and  cost. 
How  are  tailings  handled?    If  scraped  by  horses,  cost  of  scraping. 
Per  cent  of  gold  saved  in  boxes,  if  known. 
The  following  special  queries  apply  to  open-cut  work: 
If  men  shovel  into  boxes — 

To  what  height  do  men  throw? 

Are  platforms  used? 

Depth  of  ground  shoveled  in. 

Amount  of  ground  handled  per  shift  per  man  in  cubic  yards. 
If  horse  scrapers  scrape  into  boxes — 

How  mkny  cubic  yards  per  day  will  one  team  scrape  into  boxes? 

Cost  per  day  of  team  and  driver. 

Per  cent  of  gold  saved. 
If  steam  scraping  is  employed,  in  handling  pay  or  tailings — 

Describe  plant  and  cost,  cost  of  operation,  capacity,  and  difficulties  encountered. 

Amount  and  kind  of  fuel  used. 

Number  of  men  required  to  scraper. 

Distance  to  which  material  is  conveyed,  and  height  elevated. 
If  derricking  is  employed — 

Describe  capacity  of  plant,  give  cost,  system  of  operating,  amount  and  distri- 
bution of  power  and  labor. 
If  inclined  track  and  car  system  is  used — 

Number  and  capacity  of  cars  handled  per  shift;  number  and  length  of  tracks 
in  use. 

Length  of  tram  to  bottom  of  incline. 

Number  of  men  to  a  car. 

Length  of  incline  and  vertical  height  of  dumping  platform  above  bed  rock. 

Amount  of  power  to  elevate;  system  of  elevating,  automatic  devices  used. 
If  steam  shovel  is  used — 

Size,  make,  capacity,  and  cost  of  shovel. 

Power  used,  amount,  and  how  generated. 

Capacity  of  dipper. 


24  GRAVEL    AND   PLACER   MINING    IN    ALASKA.  [bull.268. 

If  »team  shovel  is  used — 

Length  of  boom. 

Weight  of  machine. 

On  track  or  skids. 

Height  of  bank  on  which  it  will  operate. 

Does  it  clean  bed  rock,  or  do  men  clean  bed  rock  after  it? 

EflSciency  in  digging  the  material  at  hand. 

Does  it  dump  into  i-ars  or  sluice  lx)xes? 

Is  conveying  system  equal  in  c^iMicity  to  shovel? 

Difficulties  encountered. 

Cost  per  cubic  yard  of  digging. 

Elevation  to  which  gravel  is  hoisted  in  cars,  power  necessary  for  hoisting. 

Describe  track  system  for  returning  empty  cars. 
If  more  than  one  of  the  above  systems  is  in  use  for  working  open  cuts  on  the  same 
claim,  give  comparative  efficiency  and  cost. 

Fbrm  6 — Drift  mining. 

Dimensions  of  shaft. 

Coist  and  rate  of  sinking  per  foot 

Is  shaft  timbered? 

Method  of  timbering  shaft. 

Depth  of  shaft  to  bed  rock. 

Unfrozen  gravel — 

Method  of  drifting. 

What  width  of  face  is  carried? 

Are  pillars  left,  what  dimensions? 

Height  of  posts,  length  of  caps. 

Are  false  sets  used? 

Method  of  filling  or  caving  worked-out  gn)und. 

Are  timbers  recovered? 
Frozen  gravel — 

Rate  and  cost  of  sinking  shaft  by  steam  point. 

Diameter  of  steam  pipe  entering  shaft. 

liCngth,  diameter,  and  cost  of  points. 

Pressure  of  steam,  size  of  cross-head. 

How  far  apart  are  points  placed  in  face? 

Is  hot  water  used  in  starting  ix>ints?    Preference. 

Horsepower  per  point. 

How  long  are  points  left  in  face? 

Cubic  yards  of  gravel  thawed  by  each  point  in  giyen  time. 

System  of  mining  and  hoisting. 

If  gravel  thawed  by  hot-water  hydraulicking,  descrilw  method. 

Size,  capacity,  and  cost  of  pump. 

Position  of  pump. 

Temperature  of  and  metho<i  of  heating  water. 

Amount  of  water  use<l. 

Size  nozzle  used. 

Cubic  yards  of  gravel  thawed  per  shift. 
Boiler — kind,  make,  cost. 
Kind,  amount,  cost  of  fuel  burned  per  day. 
Distribution  of  power,  to  thawing,  to  hoisting  and  conveying. 
If  gravel  thawed  by  woo<l  fires,  describe  method;  give  cost  and  capacity. 
Describe  system  of  tramming,  wheeling,  or  skidding  io  sha^t. 
Describe  eyetem  of  hoisting. 
Is  selMumping  corner  used?    Kind,  efftc\w\cy . 
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To  what  distance  and  height  alx)ve  the  collar  ol  shaft  doen  it  transport  the  gravel? 

Capacity  of  the  plant 

Cost  per  cubic  yard  of  mining,  hoisting,  and  washing. 

What  area  of  ground  is  worked  from  one  shaft? 

If  winter  dumjis  are  taken  out  and  washed  in  spring — 

Size  of  dump. 

Method  of  sluicing. 

Cost  of  sluioing. 

Is  dump  rethawed? 

Methcxl  and  ifw*t  of  rethawing. 

Metho<i  of  sampling  dump,  if  any. 
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GENERAIi  8TATKMENT  OF  COND1TIOX8. 

Placer  mining  is  that  form  of  mining  in  which  the  surficial  detritus 
is  washed  for  gold  or  other  valua])le  minerals.  When  water  under 
pressure  is  employed  to  break  down  the  gravel,  the  ternii  hydraulic 
minhig  is  generally  emploved.  There  are  deposits  of  detrital  mate- 
rial contjiining  gold  wliich  lie  too  deep  to  be  profitably  extmcted  by 
surface  mining,  and  which  must  be  worked  by  drifting  beneath  the 
overlying  l)arreii  material.  To  the  operations  necessary  to  extract 
such  auriferous  material  the  term  drift  vilnin/j  is  applied. 

As  nearly  all  mining  in  alluvial  deposits  comes  under  the  head  of 
gravel  mining,  that  term  has  been  adopted  in  the  main  for  operations 
described  in  the  report  of  which  the  foWomug  v!\v«k.^Vi^T\&^«05sseQax^ 
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• 

Occasionally,  however,  the  precious  mineral  sought  lies  ii 

of  fine  sand,  or  even  entirely  in  the  crevices  of  the  bed  rocl 

the  alluvial  deposit  rests.     Obviously  the  term  gravel  m 

not  cover  the  cases  in  which  detrital  gold  is  extracted 

matrices,  and  the  general  term  placer  mining^  has  been, 

added  in  the  title  of  this  report  for  want  of  a  name  w 

include  all  operations  considered.*    When  in  the  subsequ 

the  terms  gravel  deposit,  gravel   washing,  and  gravel  mining  are 

employed  they  must  be  understood,  for  the  sake  of  brevity,  to  include 

the  consideration  of  all  classes  of  deposits  in  which  gold  of  detrital 

origin  is  found. 

The  term  ^^eUmykir-  has  been  applied  to  placer  deposits  formed  by 
the  rotting  of  rock  in  place  to  greater  or  less  depth.*^  Such  deposits 
do  not  occur  in  the  portions  of  Alaska  visited,  and  may  be  excluded 
from  consideration. 

In  regard  to  the  valuable  contents  of  the  deposits,  it  should  be 
stated  that  in  all  the  cases  here  coasidered  gold  is  the  mineral  souglit. 
Platinum  or  any  minerals  of  the  platinum  group  have  not  been  found 
in  paying  quantity  in  any  part  of  Alaska.  Alluvial  tin  has  been 
found  and  mined  in  the  western  portion  of  Seward  Peninsula.  The 
deposits  were  not,  however,  visited  b}^  the  present  expedition.^ 

a  Placer,  according  to  h  Spanish  deflnition,  is  a  place  near  the  bank  of  a  river  where  gold  dust  is 
found.    Liiidley  on  Mines,  sec.  419,  makes  the  following  corament.s: 

"Dr.  R.  W.  Raymond  (Glossary  of  mining  and  metallurgical  terms,  Trans.  A.  I.  M.  E.,  vol.  9,  p. 
164)  defines  the  word  plucrrasa  dei>osit  of  valuable  mineral  found  in  particles  in  «W«rjuw  or  dilu- 
vium, or  beds  of  streams.  He  adds  to  the  delinition  the  statement  that,  by  the  United  States 
Statutes,  all  deposits  not  chussed  as  veins  or  rock  in  place  are  considered  placers.  A.s  was  said  by  the 
Supreme  Court  of  the  I'nited  States  (Reynolds  v.  Iron  S.  M.  Co.,  110  V.  S..  tV^7-€95;  6  Sup.  Ct.  Rep., 
001),  in  distinguishing  tlu;  two  cla>sfs  of  deposits:  'Placer  mines,  though  said  by  the  .statuten  to 
include  all  other  deposits  of  mineral  matter,  are  those  in  which  this  minenil  is  generally  found  in 
the  softer  material  which  cover  the  earth's  surface,  and  not  among  the  nxks  beneath.'" 

It  is  evident  that  the  term  placer  mining  as  used  in  the  i)rescnt  report  covers  a  much  more  limited 
Held  than  would  be  the  ca^'  were  the  term  placer  used  in  its  broad  legal  sefise. 

b  The  term  alluvial  mini  fig,  used  in  Austmlia,  is  not  generally  employed  in  the  United  Statt^. 

<?Eng.  and  Min.  Jour.,  vol.  77.  May  o,  1904,  p.  722. 

rfSee  the  rei»ort  of  \.  J.  Collier  (Bull.  U  S.  Geol.  Survey  No.  229,  1901)  for  an  exliauative  account  of 
the  York  tin  deiKwiLs. 
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CLASSIFICATION  OF  ALLUVIAL  GOLD  DEPOSITS  IN  ALASKA. 

The  alluvial  gold  deposits  of  Alaska  may  be  classified  as  follows: 

Classificatian  of  aUuvial  deposits  in  Alaska. 


Creek  placers . . 
Hillside  placers 


Bench  placers. 


River-bar  placers, 


Gravel-plain  (tundra) 
placers. 

Bea-beach  placers 


Lake-bed  placers. 


Placers  in,  adjacent  to,  and  at  the  level  of  small  streams. 

Placers  on  slopes,  intermediate  l)etween  creek  and  bench 
claims. 

Placers  in  ancient  stream  deposits  from  50  to  300  feet 
above  present  streams. 

Placers  on  gravel  flats  in  or  adjacent  to  the  l^eds  of  large 
streams. 

Placers  in  the  coastal  plain  of  Seward  Peninsula. 

Placers  adjacent  to  the  seashore  to  which  the  waves  have 
access. 

Placers  accumulated  in  the  beds  of  present  or  ancient 
lakes;  generally  formed  by  landslides  or  glacial  dam- 
ming. 


The  methods  of  working  the  alluvial  gold  deposits  are  shown  in  the 
following  table: 

Methods  of  working  aUuvial  gold  deposits  of  Alaska. 


Claw  of  placers. 

Method  of  working. 

Creek  nlacers 

Hydraulicking. 

Ilydraulicking  with  hydraulic  elevator. 

Dredging. 

Ol)en  cutting,  separate  <»  stripping,  and  shoveling  in.^ 

Oi)en  cutting,  separate  stripping,  and  horse  scraping. 

Open  cutting,  separate  stripping,  and  steam  scraping. 

Open  cutting,  separate  stripping,  wheeling,  and  cable  tram. 

Open  cutting,  separate  stripping,  and  steam  shovel. 

Open  cutting,  separate  stripping,  trac^k  and  incline  system. 

Open  cutting,  separate  stripping,  track  system,  with  hy- 
draulic elevator. 

Open  cutting,  separate  stripping,  track  system,  with  der- 
ricking. 

Open  cutting,  separate  stripping,  skidding,  with  derricking. 

Shaft,  drifting,  and  timbering. 

Shaft,  thawing,  and  drifting. 

Hillside  placers  c 

By  the  same  methods  as  creek  claims. 

aCharged  to  independent  account.    The  stripping  generally  consists  of  frozen  *'  muck,"  a  xnlxtore 
of  silt  and  ice,  whicn  is  ground-sluiced  off. 
ft  Includes  rocker  work. 
o  Detritus  varying  from  3  to  60  feet  in  thickness. 
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Methods  of  working  aUuiial  gold  deposits  of  Alaska — Ck^ntinued. 


Class  of  placera. 


Meth(Ml  of  working. 


Bench  placers  « 


Hydraulicking. 

Open  cutting,  separate  Htripping,  and  shoveling  in. 

OiKjn  (!iitting,  separate  stripj)ing,  and  horse  scraping. 

Shaft  or  adit,  drifting,  and  tiinl)ering. 

Shaft  or  adit,  thawing,  drifting,  little  timbering. 


River-bar  placers  ^ 


Hydranli(!king  with  hydrauli(t  elevators. 

Dredging. 

Open  cutting,  steam  shovel. 


I 
Gravel-plain   (tundra)  !  Hydraulicking  with  hydraulic  elevating. 

p  acers.  Open  cutting,  separate  stripping,  and  shoveling  in. 

Shaft,  thawing,  and  drifting. 


Sea-beach  placers '' 


Digging  shallow  pits  and  shoveling  in.  <^ 

Dredging. 

Special  devices. 


Lake-l^ed  placers, 


Hydraulicking. 


a  Detritus  varying  from  5  to  150  feet  in  thickne»<;  in  parts  of  Sowanl  Peninsula  to  230  feet. 

b  Detritus  from  3  to  (X)  feet  in  thickness. 

c  Detritus  from  15  to  150  feet  in  thickness. 

rf  Detritus  from  1  to  6  feet  in  thickness. 

eThe  greater  part  of  the  gold  from  the  beach  sands  has  been  obtained  by  rockers. 

The  above  classes  are  based  on  operations  actuall}^  seen  during  the 
season  of  1004.  Suggestions  concerning  the  application  of  other 
methods  to  certain  forms  of  deposits  are  given  in  the  body  of  the  main 
report. 

In  the  districts  (PL  II,  p.  14)  visited  the  deposits  under  exploitation 
as  above  classified  were  as  follows: 

Classes  of  dejjosUs  worked  hi  districts  t*isiUd. 


Province. 


District. 


South  Coast. 


Juneau 


CliLss  of  phicer  worked. 


Creek  an<l  lake-lxMl  placers. 


Interior 


Atlin Creek  and  bench  deposits. 


Klondike 
Eagle 


Creek,  hillside,  and  l)ench  plai^era. 
Creek  an<l  bench  placers. 


Birch  Creek '  Creek,  hillside,  and  river-bar  placers. 
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listrirts  visitfd — C^ontinued. 

Pn>vince. 

District. 
Nome 

Cla«s  of  placer  worked. 

• 

Seward  PeninRuIa 

Creek,  hillside,  bench,  gravel  plain,  and 

Council 

seabeach  placers. 
Creek,,  hillHide,  and  river  bar  placers. 
Creek  and  river  bar  placers. 

Solomon - 

III  the  districts  not  visited  the  classes  of  deposits  are  as  follows: 

CUissfs  of  deposits  uvrked  in  districts  not  visited. 

Province. 

District. 

(HasH  of  deposit  worked. 

South  Coajjt 

Porcupine 

Creek  and  l)ench  placers. 

Nizma 

Do. 

Chipna 

('reek  plac^ers. 
Do. 

Sunris*'! , - 

Fortymile  . . . 
Rampart 

Interior 

Creek  and  l>ench  placers. 
Do. 

Sewanl  Peninsula . . . 

Topkok  

Port  ClanMice 
Fairhaven  . . . 
Kougarok  ... 

• 

Creek,  gravel  plain,  and  seabeach  pla- 
cers. 

Creek  an<l  l)ench  placers. 

Do. 

Do. 

METHODS  OF  MINING,  AND  CONDITIONS. 

The  mining  of  placer  gold  in  Alaska  is  carried  on  for  the  most  part 
during  June,  July,  August,  and  September.  The  gold-bearing  gravel 
mined  during  the  remainder  of  the  year  by  winter  drifting  does  not 
exceed  15  per  cent  of  the  total  annual  amount  extracted.  The  gold  can 
not  l)c  washed  from  this  gravel  until  the  cesjjation  of  wMnter  conditions 
liberates  tlie  water  in  spring  for  sluicing  purposes.  The  sluicing  of 
the  "winter  dumps"*  takes  place  during  the  latter  part  of  Ma}'. 

Many  of  the  methods  ot  mining  have  been  dev^eloped  within  the  last 
ten  years  to  suit  the  unusual  conditions  existing  in  the  northern  gold 
fields.  Gravel  miners  from  other  partes  of  the  world  found  that  in 
Alaska  much  of  their  previous  experience  proved  of  no  special  benefit. 
On  the  other  hand,  men  without  previous  experience  in  mining,  but 
possessing  ingenuity,  have  occasionally  adopted  devices  which  have 
proved  efficient  and  adequate  to  meet  the  northern  conditions. 
Methods  which  had  been  condemned  or  tried  with  ill  success  in  other 
countries  have  given  good  results  in  Alaska,  while  the  attempts  to 
apply  hydraulic  or  mechanical  methods  of  established  reputation  else- 
where  have  frequently  resulted  in  ignommiovxa  1«a\\3it^* 
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Mining  operations  have  been  made  difficult  by  the  short  available 
season,  the  lack  of  grade  to  the  streams,  poor  water  supply,  poverty 
of  timber  resources,  high  cost  of  labor  and  transportation,  concentra- 
tion of  gold  on  and  in  the  bed  rock,  and  comparatively  large  thickness 
of  barren  overburden,  the  frozen,  or  worse  still,  half -frozen  condition 
of  the  gravel,  lack  of  wagon  roads,  and  inadequate  mining  and  police 
regulations.  In  spite  of  these  obstacles  the  wide  and  fairly  uniform 
distribution  of  alluvial  gold  over  large  areas  of  Alaska,  hitherto  unex- 
ploited,  the  uniformly  healthy  and  even  enjoyable  climate  of  the 
country,  and  the  near  proximity  of  the  phenomenall}'^  rich  gold  fields 
of  the  British  Yukon  Territory,  offer  a  certain  justification  for  the 
present  energetic  prospecting  and  mining  for  gold  over  so  extensive 
an  area. 

The  main  impressions  derived  from  an  inspection  of  the  placer  gold 
fields  of  the  north  are  as  follows:  (1)  Operations  requiring  the  instal- 
lation of  expensive  plants  are  frequently  undertaken  before  adequate 
sampling  of  the  ground  has  been  done;  (2)  the  methods  of  mining  and 
conveying  the  auriferous  material,  while  often  leaving  much  to  be 
desired  from  the  standpoint  of  economy,  are,  in  the  main,  developing 
along  favorable  lines;  (3)  the  gold- washing  and  gold-saving  appliances 
in  use  are,  in  numerous  cases,  inexcusably  crude  and  inefficient. 

The  winning  of  gold  from  alluvial  material  is  a  business  difficult 
both  to  learn  and  to  conduct  successfully.  The  careful  miner,  like  the 
careful  manufacturer,  will  give  as  much  attention  to  one  part  of  his 
business  as  to  another,  irrespective  of  the  scale  on  which  it  is  conducted. 
The  extensive  but  not  remarkabl}'^  rich  gold-bearing  area  of  Alaska 
offers  a  field  for  men  who  propose  to  conduct  their  operations  with 
energy,  intelligence,  and  economy.  To  others  it  can  afford  only 
ultimate  povert}^  and  despair. 

The  South  Coast  province  is  characterized  by  heavy  grades,  abundant 
water  supply,  and  good  timber.  Gold-bearing  gravels  are,  however, 
distributed  in  small  quantity  and,  however  good  the  conditions  for  the 
inst^illation  of  hydraulic  plants,  the  province  remains  an  unimportant 
producer  of  alluvial  gold. 

The  Interior  province  promises  to  continue  for  many  years  a  fairly 
important  producer.  Geographically  considered,  the  phenomenal 
Canadian  deposits  of  the  Klondike  come  under  this  province.  No 
gravels  approaching  the  Klondike  deposits  in  richness  have  been  found 
on  the  American  side,  but  a  large  area  yet  remains  to  be  prospected. 

Owing  to  the  topographic  conditions,  low  grades  to  creeks,  and 
insufficient  water  supply  at  an  available  elevation,  hydraulicking  on 
any  but  the  smallest  scale  is  impossible.  Many  of  the  creek  deposits 
are  shallow,  and,  besides  the  primitive  method  of  shoveling  into  sluice 
boxes  so  largely  in  practice,  there  is  a  considerable  field  for  the  instal- 
lation  of  izorse-scraping  methods  and  the  installation  of  simple  mechan- 
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ical  plants.  Solidly  frozen  creek  deposits  exceeding  15  feet  in  depth 
can  be  most  economically  worked  by  drifting  metho<ls,  a«  heretofore. 
Experience  gained  in  the  Klondike  has  been  invaluable  to  the  miners 
now  developing  the  new  Fairbanks  field.  There  is  room,  however, 
for  considerable  improvement  and  reduction  of  expense  in  the  methods 
employed. 

The  natural  conditions  prevailing  in  the  Alaska  interior  gold  field 
impl}'  great  age  and  erosion  subsecjuent  to  any  deposition  beneath  sea 
level.  Topographic  conditions  exercise  a  remarkable  control  over  the 
methods  which  can  profitably  be  employed  in  gmvel  mining,  and  the 
prospective  miner  neglects  a  vital  part  of  his  preparation  if  he  does 
not  study  the  topographic  features  of  a  given  district  in  detail  before 
entering  upon  his  operations.  In  California  and  Australia  the  geologic 
and  topographic  conditions  favor  the  placer  miner.  In  other  coun- 
tries, notably  Siberia,  Alaska,  and  the  Yukon  Territory,  they  are  inimi- 
cal to  his  success.  In  Alaska,  as  a  rule,  alluvial  gold  is  almost  entirely 
lacking  where  timber  and  water  are  plentiful,  ^i-ades  are  steep,  and  the 
ground  is  unfrozen.  Where  gold  is  distributed  in  paying  quantity, 
water  supply  is  inadequate,  timber  is  poor  or  altogether  lacking,  the 
miner  must  provide  grade  for  his  boxes  and  dump  for  his  tailings  by 
artificial  means,  and  must  meet  the  formidable  obstacle  of  solidly  fro- 
zen alluvium.  Bench  deposits,  where  gnivel  can  be  moved  on  natural 
grade,  occur  in  }>oth  the  Fortymile  and  Rampart  districts  of  interior 
Alaska,  and  have  been  made  to  produce  a  small  amount  of  gold  by  the 
hydraulic  method.  Although  it  is  not  impossible  that  extensive  and 
valuable  bench  deposits  may  yet  be  found,  no  deposit  comparing  either 
in  extent  or  in  richness  with  the  famous  ''White  Channel  "of  the 
Klondike  has  been  discovered. 

In  that  portion  of  the  Alaska  interior  lying  between  Circle,  on  the 
Yukon,  and  Fair})anks,  on  the  Tanana,  the  mountains  rise  to  heights  of 
from  1,500  to  2,000  feet  above  the  level  of  the  streams,  have  rounded 
tops,  and  slope  to  the  intervening  valleys  at  angles  which  do  not  exceed 
20  degrees,  and  often  are  not  greater  than  10  degrees.  The  streams 
and  valleys  are  on  a  gently  descending  plain,  the  grade  of  which  does 
not  exceed  3  per  cent,  except  in  the  upper  one-half  mile,  and  frequently 
is  not  over  1  per  cent.  The  mountains  are  referred  to  by  the  inhabi- 
tants as  ''domes,"  and  the  word  fairly  well  describes  them.  They 
present  what  corresponds  most  nearly  to  the  upper  segment  of  a  great 
ellipsoid  except  in  places  where  the  erosion  has  not  been  suflScient 
to  accomplish  the  obliteration  of  a  still  more  ancient  topography. 
This  ancient  surface,  remnants  of  which  are  visible  on  the  tops  of  the 
highest  mountains,  was  evidently  a  base-leveled  plain,  which  was 
approximately  2,500  feet  above  the  present  drainage  plain.  Although 
the  base-leveling  is  apparent  to  the  eye,  it  is  not  evinced  by  the 
presence  of  rounded  gravel  on  its  surface.     The  lack  oi  ^y».^<^\  ^ 
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accounted  for  by  the  fact  that  the  second  denudation  has  progressed 
for  a  great  period,  and  the  comparatively  ^mall  amount  or  vertical 
section  of  gravel  which  existed  subsequent  to  the  elevation  has  been 
worn  away. 

In  the  Klondike  recent  streams  have  cut  the  old  Pleistocene  chan- 
nels and  have  reconcentrated  the  gold.^  The  gold  is  about  equally 
distributed  in  the  old  and  in  the  new  gravels.  From  the  miner's 
standpoint,  therefore,  in  the  Klondike  region  there  are  two  great 
classes  of  mining  to  be  considered,  namel}^  creek  mining  and  bench 
mining.  Outside  of  these  two  classes  there  is  no  mining  in  the  Klon- 
dike of  productive  importance. 

In  the  Birch  Creek  district,  especially  on  Deadwood  Creek,  there  is 
a  very  small  amount  of  gravel  in  low  benches  which  may  be  termed 
hillside  deposits.  The  bulk  of  the  mining,  perhaps  90  per  cent  of  it, 
is  creek  mining  in  its  various  forms.  The  terms  bench  deposit,  hill- 
side deposit,  and  the  like  are  ver3'  loosely  applied  by  the  miners  of  the 
Northwest,  and  names  are  given  to  classes  of  mining  to  which  they 
do  not  in  any  sense  apply.  This  looseness  of  nomenclature  is  apparent 
in  the  Fairbanks  district,  where  the  term  bench  mining  is  applied  on 
Cleary  Creek  to  operatipns  in  progress  on  the  left  bank  of  the  stream 
at  a  place  one-fourth  mile  above  the  junction  of  Cleary  and  Chatham 
creeks.  But  whereas  the  depth  to  bed  rock  in  the  main  creek  at  this 
point  is  18  feet,  the  depth  on  the  so-called  bench,  700  feet  to  the  left, 
is  53  feet,  and  the  level  of  the  bed  rock  at  which  the  gravel  is  found 
is  practically  the  same.  In  the  one  case,  namely,  in  the  creek  work- 
ing, the  overburden  is  6  feet  of  muck,  while  in  the  ''bench"  to  the 
left  the  overburden  is  over  45  feet  of  muck.  The  gently  sloping  side 
of  the  valley  at  this  point  is  unbroken  in  outline. 

Observations  along  the  various  producing  creeks  and  from  the 
hilltops  have  failed  to  distinguish  any  traces  of  bench  topography 
in  the  Fairbanks  district.  Such  placer  mining  as  is  carried  on  there 
comes  under  the  head  of  creek  mining.  Geological  evidence,  how- 
ever, suggests  that  bench  deposits  occur  in  the  region  lying  between 
the  Fairbanks  and  Rampart  districts. 

The  methods  applicable  to  bench  mining  at  Dawson  can  not  be 
used  in  the  Fairbanks  district,  and  all  thought  of  applying  them  must 
be  eliminated.  The  country  being  in  ever}'  sense  of  more  gentle 
topography,  there  is  no  room  for  the  disposal  of  tailings  from  bench 
operations  conducted  by  hydraulicking. 

On  Pedro  and  Twin  creeks  there  are  about  2  miles  of  ground  less 
than  15  feet  in  depth  which  can  be  worked  by  open  cutting,  either  by 
shoveling  into  sluice  boxes  or  by  derrieking.  On  a  portion  of  this 
ground  it  is  possible  to  handle  the  water  by  bed-rock  drain.  Open- 
cut  mining  has  also  been  successful  on  Chatham  Creek  near  its  junc- 

aSeeMcConnell,  R.  G.,  Preliminary  report  on  the  K\onA\^e  go\Afve\dv.  Geol.  Survey  Canada.  1900. 
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tion  with  Cleary.  In  all  other  portions  of  the  district,  so  far  as 
developed,  drift  mining  according  to  the  Klondike  system  of  thawing 
either  by  steam  or  hot-water  hydraulicking,  hoisting,  and  conveying 
by  means  of  the  self-dumping  bucket  on  pable  tram  will  probably  be 
found  most  economical.  I  would  suggest  the  method  of  underground 
hot-water  hydraulicking  to  the  miners  of  Cleary  Creek,  while  on 
Fairbanks  Creek  steam  thawing  appears  to  be  advisable.  The 
efficiency  of  the  hot-water  method  as  used  in  the  Klondike  is  from  5 
to  6  cubic  yards  per  horsepower  generated  in  the  boiler  as  against 
3  cubic  yards  with  steam.  The  method  can,  however,  be  applied  only 
under  certain  favorable  conditions. 

In  Seward  Peninsula  the  greater  rainfall,  larger  catchment  areas 
at  the  heads  of  the  long  rivers,  and  the  comparative  cheapness  with 
which  ditches  can  be  constructed  has  led  to  the  investment  of  much 
capital  in  long  water  conduits.  For  example,  a  ditch  system  of  54 
miles,  built  at  an  expenditure  of  $300,000  and  costing  $15,000  annually 
to  maintain,  supplies  2,000  miner's  inches  of  water  at  360  feet  head  for 
four  months  in  the  year.  Approximately  200  miles  of  ditches  have 
been  built  in  various  parts  of  the  peninsula.  ^Excavations  of  earth- 
work for  ditch  building  in  the  peninsula  average  $1  per  cubic  yard. 

Hydraulicking  without  the  use  of  hydraulic  lifts  is  economically 
impossible,  except  in  extremely  rare  cases.  Bench  gravels  in  the 
front  of  Anvil  Mountain,  facing  the  sea,  can  be  hydraulicked  if  water 
at  a  sufficient  head  can  be  obtained  at  an  expense  which  is  not  pro- 
hibitive. The  remarkable  ancient  gravel  channel  which  cuts  the 
southern  portion  of  the  peninsula  from  east  to  west,  extending  from 
Fish  River  along  Casadepaga  and  Kuzitrin  rivers  to  Port  Clarence, 
lies  at  so  low  a  level  that  the  present  streams  have  not  cut  through 
it  to  bed  rock.  Except  where  subordinate  pay  strejiks  exist  in  it 
above  the  present  stream,  therefore,  the  physiographic  conditions 
will  forbid  its  gravels  being  hydraulicked,  while  any  other  form  of 
open  cutting  is  manifestly  impossible.  It  has  been  little  explored, 
and  portions  of  it  may  be  found  rich  enough  to  drift. 

Horse  scraping,  steam  or  power  scraping,  derricking,  and  the  appli- 
cation of  the  mechanical  shovel,  accompanied  in  most  cases  by  ground 
sluicing  of  the  frozen  muck,  should  receive  consideration  from  the 
creek  operators  in  Seward  Peninsula,  where  the  deposits  are  less 
than  15  feet  in  depth.  The  low  price  of  winter  labor  ($2.50  a  day  and 
board)  should  permit  of  an  increasing  amount  of  winter  drifting  work 
throughout  the  peninsula. 

It  will  doubtless  eventually  be  found  that  the  power  of  water  under 

pressure  can  be  more  successfull}*^  applied   to  the   working  of  the 

average  Seward  Peninsula  placer  by  generating  electric  power  and 

applying  it  to  various  mechanical  devices.     While  it  can  not  be  dcnird 
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that  8ome  of  the  h^^draulic  elevator  installations  are  handling  the 
gravel  at  a  profit,  the  contrivance  is  a  makeshift,  and  its  use  forms  no 
part  of  bona  fide  hydraulic  mining. 

COST  OF  MINING. 

The  average  value  of  fuels  in  Alaska  as  shown  by  present  operations 
is  as  follows: 

Cod  of  fuels  available  for  use  in  Alaska, 

Bituminous  coal,  price  at  Nome $17  per  ton  (2,000  pomids) 

Crude  oil  at  Nome $3  per  barrel 

Spruce  wood,  average  price  in  the  interior $12  per  cord 

Experience  in  the  Nome  district  indicates  that  California  crude  oil  is 
the  most  economical  fuel  available  in  the  southern  part  of  Seward 
Peninsula.  In  the  interior  of  Alaska  the  price  of  imported  crude  oil 
renders  its  use  prohibitive  for  mining  operations. 

The  recently  exhibited  tests  of  the  adaptability  and  eflSciency  of 
gas-producing  engines  should  receive  attention  from  operators  who 
contemplate  the  installation  of  mechanical  plants  in  any  part  of  Alaska. 
There  is  no  question  that  bituminous  coal  and  lignite  can  be  utilized 
for  gas  producers,  giving  proportionately  better  results  than  anthra- 
cite. An  engineer  operating  a  large  pumping  plant  in  the  Klondike 
is  of  the  opinion  that  even  the  poor  spruce  wood  available  for  fuel  in 
interior  Alaska  can  be  utilized  in  the  gas-producer  engine.  The  prej- 
udices which  exist  againt  the  explosion  type  of  engine  in  the  United 
States  are  fast  disappearing.  They  have  been  due  to  faulty  construc- 
tion of  the  engines  and  lack  of  knowledge  of  their  principle  among 
those  who  attempt  to  operate  them.  The  present  valid  objections  to 
installing  gas  and  gas-producer  engines  are  that  these  engines  are 
undergoing  a  process  of  evolution,  and  the  standard  has  not  been 
attained.  According  to  Mr.  M.  R.  Campbell,  the  Government  coal- 
testing  plant  at  St.  Louis  has  demonstrated  that  a  gain  of  from  30 
to  50  per  cent  of  efficiency  is  attainable  in  the  gas-producing  as 
compared  with  the  steam-producing  engine. 

The  comparatively  low  cost  of  California  crude  oil  at  Nome  renders 
it  a  valuable  fuel  for  the  mining  operations  in  that  vicinity.  The  sat- 
isfactory results  from  one  type  of  gas  engine  at  St.  Louis  showed  that 
crude  oils  of  widely  varying  composition  can  be  used  with  a  higher 
efficienc}^  in  generating  gas  for  explosive  engines  than  in  generating 
steam. 

The  purchase  of  water  for  hydraulic  or  sluice  purposes  is  not 
general  in  Alaska.  In  Seward  Peninsula  water  under  natural  head 
or  pumped  water  is  sold  to  miners  to  a  limited  extent.  The  average 
price  is  $1  per  miner's  inch,  twenty-four  hours'  service,  for  water 
under  head  and  50  cents  for  sluice  water.  The  inch  used  corresponds 
to  1.2  cubic  feet  per  minute.  This  measure  of  the  miner's  inch  is 
not  accepted  in  this  report.    The  mineY'^  vnch^  according  to  its  best 
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definition,  which  is  followed  in  this  report,  corresponds  for  all  prac- 
tical purposes  to  a  flow  of  1.5  cubic  feet  per  minute.  It  is  to  be  hoped 
that  if  the  Federal  Government  ever  succeeds  in  establishing  an  ade- 
quate code  of  mining  law  for  its  possessions  a  definition  of  the  miner's 
inch  will  be  included. 

The  data  in  the  table  on  page  38  were  compiled  from  statistics  col- 
lected during  an  inspection  made  in  the  summer  of  1904  of  the  placer 
fields  in  Alaska,  Yukon  Territory,  and  northern  British  Columbia. 
Of  the  statements  furnished  by  operators,  only  those  which  are  con- 
sidered reliable  have  been  used.  The  work  attempted  had  no  relation 
to  the  sampling  or  valuing  of  mining  properties,  and  time  did  not 
permit,  except  in  a  few  cases,  the  measuring  of  the  ground. 

Owing  to  the  varying  conditions  governing  the  cost  of  mining  in 
the  North,  the  Territory  has  been  divided  into  three  provinces.  The 
South  Coast  province  includes  the  tjuneau.  Porcupine,  and  Sunrise 
districts  of  Alaska.  The  Interior  province  includes  the  Atlin  district 
of  British  Columbia,  the  Klondike  district  of  Yukon  Territor3%  and 
the  Fortymile,  Eagle,  Birch  Creek,  Fairbanks,  and  Rampart  districts  of 
Alaska.  The  Seward  Peninsula  province  includes  the  Nome,  Council 
and  Solomon  districts  of  Alaska. 

The  Nizina  district  of  the  South  Coast  province  and  the  Port  Clar- 
ence, Fairhaven,  and  Kougarok  districts  of  Seward  Peninsula,  none 
of  which  were  visited,  are  separately  considered. 

In  preparing  the  sheet  the  working  costs  of  118  different  operations 
were  first  tabulated  with  reference  to  the  method  employed  and  to 
situation.  A  second  table  was  then  prepared,  in  which  the  working 
cost  was  augmented  by  an  amount  per  cubic  yard  based  on  allowance 
for  depreciation  of  plant.  In  general,  six  years  was  taken  as  the  aver- 
age life  of  an  individual  propert}^  and,  except  in  the  case  of  winter 
drifting  opei'ations,  one  hundred  and  twenty  days  as  the  working  sea- 
son. It  was  then  assumed  that  five  annual  payments  are  made  to  a 
depreciation  fund.  The  fund  is  equivalent  to  the  cost  of  plant  and 
maintenance  during  the  life  of  the  property  plus  six  years'  simple 
interest  on  the  investment  at  5  per  cent.  Each  annual  payment  was 
divided  by  the  season's  output  in  cubic  yards,  and  the  amount  thus 
obtained  was  added  to  the  daily  working  expenses,  to  get  the  total 
output  cost  per  yard,  as  far  as  possible.  Prices  paid  for  mining 
property  are  not  considered,  as  they  represent  an  unknown  factor. 

In  cases  where  expensive  plants  have  been  installed  the  amortiza- 
tion wa,s  calculated  separately  for  each  case. 

In  cases  of  shoveling-in  and  small  mechanical  plants,  the  installation 
and  maintenance  cost  was  taken  at  an  average  amount  for  a  group  of 
operations  in  each  district.  Where  the  operation  implies  an  additional 
stripping  of  overburden,  which  is  always  separately  charged,  the  cost 
was  distributed  and  added  to  the  gravel  extraction  cost. 
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From  the  second  table,  where  the  costs  were  reduced  to  one  figure 
for  each  district,  a  third  (table  1,  p.  38)  was  prepared,  giving  as  nearly 
as  possible  the  average  cost  for  eac*.h  of  the  seventeen  separate  methods 
considered  in  one  or  more  of  the  three  provinces.  Where  the  opera- 
tions from  which  the  averages  are  derived  exceed  two  in  number, 
the  fact  is  so  indicated  in  the  table. 

The  attempt  has  been  made  to  reject  figures  which  were  evidently 
not  representative.  The  final  figure  arrived  at  is  not,  however,  always 
satisfactory.  For  example,  under  No.  5  (the  method  of  working  open 
cut  by  shoveling  into  wheelbarrows,  wheeling  to  bucket,  hoisting  and 
conveying  to  sluice  by  self -dumping  carrier  on  cable)  $2.14  is  repre- 
sentative for  the  Klondike,  where  seepage  water  is  generally  pumped 
from  the  pit,  and  many  operators  pump  the  water  for  sluicing.  On 
the  pther  hand,  at  a  plant  in  the  Birch  Creek  district  of  Alaska,  mining 
only  22  cubic  yards  per  day  and  handling  the  water  by  a  drain,  the 
cost  of  operation  was  $1.50  per  cubic  yard.  In  No.  13  (drifting 
solidly  frozen  ground,  steam  or  hot- water  thawing,  hoisting  and  con- 
veying with  the  use  of  the  self-dumping  bucket)  the  cost  in  the 
Klondike  is  $1.95,  while  the  higher  figure  given  is  arrived  at  by 
combining  the  expensive  American  camps  of  Fortymile  and  Fairbanks, 
where  the  cost  is  $4.63  and  $3.56,  respectively. 

The  high  cost  of  hydraulicking  with  use  of  hydraulic  lift  in  Seward 
Peninsula  is  caused  by  the  difficulty  of  moving  the  gravel  to  the 
bed-rock  sluice*  and  the  expense  of  the  ditches  and  installations. 
Hydraulicking  by  means  of  water  under  natural  head  without  the  use 
of  the  hydraulic  lift,  or  some  other  means  of  elevating  the  material, 
was  not  seen  by  me  in  Seward  Peninsula.  It  is  understood  that  a 
hydraulic  plant  is  in  successful  operation  at  Bluff,  50  miles  to  the  east 
of  Nome,  but  there  are  no  data  at  hand  concerning  it. 

In  the  interior  only  bench  gravels  are  hydraulicked.  Steeper  grades 
for  sluices  can  be  obtained,  and  the  gravel  is  more  easily  moved.  The 
high  duty  of  the  miner's  inch  in  the  Klondike  is  a  large  factor  in  bring- 
ing dowVi  the  cost  of  No.  1  and  No.  16. 

It  should  be  distinctly  understood,  if  hydraulicking  costs  in  the 
interior  appear  attractively  low,  that  the  water  supply  is  exceedingly 
variable,  and  that  no  reliable  estimate  can  be  made  beforehand  of  the 
output  of  a  given  season's  operations.  Furthermore,  while  much  of 
the  bench  gravel  was  originally  rich,  the  pay  streaks  have  been  largely 
drifted  out,  and  the  gold  is  not  disseminated  through  the  upper  por- 
tion of  the  grav^el  to  the  extent  that  it  is  in  the  California  gravel 
banks.  With  regard  to  the  pumping  of  water  for  hydraulicking  pur- 
poses, the  practice  can  not  be  too  strongly  condemned.  He  is  a  bold 
man  who  attempts  it,  and  a  singularly  fortunate  one  who  makes  a  finan- 
cial success  of  it. 


ft  This  ia  c&used  not  only  by  the  exceedingly  gentle  grades  of  the  streams,  but  also  by  the  shingly 
character  of  the  materia]  handled. 
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Mr.  Stephen  Birch,  operating  in  the  Nizina  district  of  Alaska,  has 
courteously  furnished  for  this  report  a  summary  of  the  costs  of  work- 
ing placer  ground  on  Dan  Creek.  .  These  figui'es  are  given  separately 
(p.  39)  after  the  table,  as  the}^  imply  a  total  charge  of  invested  capital 
in  addition  to  working  costs  against  one  season's  operations.  They 
are  worth  the  attention  of  prospective  placer  miners. 

The  cost  of  shoveling  into  sluice  boxes  in  the  remote  parts  of  Seward 
Peninsula  is  at  present  from  $3  to  ^5  per  cubic  yard.  Some  drifting 
operations  have  been  carried  on  in  the  Kougarok  and  Fairhaven  dis- 
tricts, on  which  figures  are  not  at  hand. 

Dredging  estimates  furnished  by  reliable  interior  operators  place 
the  cost  at  80  cents  per  cubic  yard  where  gravel  must  be  thawed  by 
points  ahead  of  the  dredge.  In  Seward  Peninsula  it  is  estimated  that 
if  the  property  is  sufficiently  large  for  a  ten-year  life,  a  dredge  can  be 
operated  at  the  cost  of  30  cents  per  cubic  yard.  The  field  for  dredges 
in  placer  mining  in  Alasbi  is  extremely  limited.  In  Seward  Peninsula 
it  is  not  impossible  that  some  of  the  wide,  shallow  creek  deposits  will 
be  worked  successfully  by  means  of  the  steam  scraper.  The  cost  of 
an  experimental  operation  on  Ophir  Creek  was  reported  to  be  under 
20  cents  per  cubic  yard. 

The  costs  of  operating  by  two  mechanical  systems  in  Seward  Pen- 
insula (involving  the  lal)or  of  men  rn  shoveling  into  cars  and  tram- 
ming to  the  bottom  of  an  incline,  or  into  a  bed-rock  sluice  leading  to 
hydraulic  elevator  throat)  are  unfortunately  not  available  for  publi- 
cation. The  derricking  system.  No.  7,  however,  both  in  the  interior 
and  in  Seward  Peninsula,  appears  to  be  superior  in  point  of  cost  to 
either  of  the  above  mentioned  methods  for  working  the  average 
Alaska  open  cuts. 

Frozen  ground  can  not  be  attacked  with  success  by  the  steam  shovel. 
Even  where  it  digs  the  gravel  succ^essfull}- ,  if  men  follow  it  to  clean 
bed  rock  by  hand,  the  cost  of  operating  is  sometimes  doubled.  The 
steam  shovel  has,  however,  a  field  in  northern  placer  mining. 

Regarding  mechanical  operations  in  general,  the  important  princi- 
ple should  be  emphasized  that  the  main  expense  is  getting  the  mate- 
rial into  the  receptacle  which  conveys  it  to  the  sluice  or  washing  plant. 
Tramming  even  for  a  long  distance,  and  to  a  considerable  elevation, 
adds  a  very  small  proportionate  amount  to  the  total  cost  of  working. 
The  estjiblishment  of  a  permanent  washing  plant,  economically  situated 
as  n»gards  water  supply  and  dump,  should  }>e  considered  by  every 
Alaskan  miner  who  proposes  working  the  shallow  creek  deposits 
which  characterize  that  country.  The  isolation  of  the  washing  opera- 
tions, together  with  the  adoption  of  the  most  economical  system  of 
tnunniing  possible,  will  go  far  toward  attaining  the  ends  of  adequate 
grade  and  room -for  tailings,  which  are  the  essential  features  of  suc- 
cessful gravel  mining. 
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Mr.  Stephen  Birch,  in  a  letter,  gives  the  cost  of  placer  work  on  Dan 
Creek,  Nizina  district,  Alaska,  as  follows: 

By  ground  sloiciog  through  20-inch  flume:  6,803  cubic  yards,  $8,781.44,  or  $1,143 
per  cubic  yard. 

By  use  of  8-inch  cotton  pressure-hoee  and  nozzle  through  20-inch  flume:  1,600 
cubic  yards,  $1,457,  or  $0.91  per  cubic  yard. 

By  use  of  pick  and  shovel  only,  through  10-inch  sluice  box:  2,320  cubic  yards, 
$5,100,  or  $1,875  per  cubic  yard. 

A  273- foot  tunnel,  6  feet  by  6  feet,  timbered:  $1,017,  or  $3,725  per  running  foot,  or 
407  cubic  yards  of  gravel  removed,  which  costs  $2.50  per  cubic  yard. 

While  the  cost  given  above  may  seem  high,  it  is  because  of  the  isLct  that  it  includes 
the  cost  of  the  tools  and  material  now  on  hand,  which  were  necessary  to  remove 
,  this  gravel.  Now,  if  this  work  is  continued  on  for  a  number  of  years,  the  deprecia- 
tion of  the  tools,  etc.,  could  by  charged  proportionately.  These  prices  may  not  be  a 
criterion  for  future  operations  in  that  country  but  were  our  first  cost  of  operation, 
and  any  strangers  going  into  that  section  of  country  would  be  apt  to  run  up  their 
costs  to  these  figures. 

PBOSPECTrN^G. 

Creek  claims  must  be  prospected  by  shafts,  open  cuts,  or  drill  holes. 
Shafts  are  generally  used  and  are  most  practicable  for  the  Alaska  miner. 
Open  cuts  are  not  practicable,  except  in  very  shallow  ground.  Drill- 
ing requires  expensive  equipment,  the  machines  costing  from  $3,500 
to  $4,000  delivered  in  Alaska.  As  a  means  of  prospecting  auriferous 
gravels  drilling  is  very  satisfactory,  but  it  is  generally  employed  only 
in  deep  gravel  beds,  where  dredging  is  contemplated."  In  such  ground 
excess  of  water  prohibits  the  sinking  of  shafts.  The  cost  of  drilling 
with  a  6-inch  core  churn  drill  is  $2.50  per  foot  in  California,  and  the 
tests  of  the  deep  gravels  of  the  coastal  plain  have  shown  it  to  be 
practically  the  same  in  the  vicinity  of  Nome,  on  Seward  Peninsula. 
The  cost  of  drilling  depends  on  the  price  of  labor  and  fuel,  and  will 
probably  be  about  $3.50  per  foot  in  the  interior  of  Alaska.  Unless 
contractors  are  found  already  equipped  to  do  the  work,  drilling  is  more 
expensive  than  sinking  pits,  the  cost  of  which  varies  from  $3  to  $8  in 
Alaska  placer  fields. 

In  the  solidly  frozen  ground  encountered  in  northern  placers  it  is 
not  necessary  to  sink  the  casing  around  the  pipe  as  in  ordinary  drill- 
ing. In  partly  frozen  ground,  where  the  casing  is  necessary,  much 
diflSculty  has  been  found  in  pulling  it  up.  A  driller  of  the  churn  type 
is  shown  in  PI.  Ill,  A  (p.  40),  mounted  on  a  scow  for  prospecting 
the  bed  of  Snake  River,  Seward  Peninsula.*  The  results  obtained  by 
drilling  when  compared  with  actual  tenor  of  the  ground  are  variable. 
In  testing  the  bed  of  Solomon  River  the  results  were  found  to  run  7 


a  See  a  further  de^'cription  of  prospecting  by  drill  holes,  by  Mr.  J.  P.  Hatchins,  in  the  chapter  on 
dredging,  later  in  this  report. 

b  For  deNcrii)tion  of  drilling  operations  in  testing  placer  ground  see  Knox,  N.  B.,  Dredging  and 
valuing  dredging  ground  at  Oroville,  California:  Trans.  Inst.  Mining  and  Metallurgy,  June  18, 1908. 
Also  Smith  and  Stobbius,  Gold  dredging  at  Oro\ille:  £ng.  and  Mln.  Jour.,  Dec.  8, 190i. 
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per  cent  lower.  In  all  parts  of  Alaska  drill  holes  should  be  not  less 
than  100  feet  apart,  on  account  of  the  unequal  distribution  of  the  gold. 
Geologic  conditions  at  Oroville,  or  in  other  dredging  fields  of  flood- 
plain  character,  are  radically  different.  There  the  ratio  of  holes  is  1 
to  an  acre  or  1  to  5  acres. 

Shallow  bench  gravels  can  occasionally  be  prospected  by  diverting 
a  high  stream  or  water  from  a  ditch  in  a  direction  transverse  to  the 
gold-bearing  channel.  The  water  will  ground  sluice  a  trench  to  bed 
rock,  thus  crosscutting  the  ground.  Such  prospecting  is  done  in  the 
Fortymile  district,  and  an  example  of  it  was  seen  on  Gold  Bottom 
Creek,  in  the  Council  district  of  Seward  Peninsula. 

Bench  gravels  covered  by  heavy  overburden  are  usually  prospected 
by  drifts.  Drifts  require  timbering  and  are  more  expensive  than 
shafts,  but  give  a  more  satisfactory  test  of  the  ground.  In  rich  pay 
streaks  the  running  of  prospect  drifts  often  more  than  pays  the  cost. 
Owners  of  claims  sometimes  get  their  ground  partly  prospected  by 
letting  out  the  right  to  drift  to  two  or  more  men,  who  pay  a  royalty 
on  the  gold  they  take  out.  In  the  Nizina  district  a  20  per  cent  royalty 
is  charged  on  prospect  work. 

When  ground  is  prospected  by  shafts  the  distance  between  the  shafts 
varies,  although  the  variation  is  not  so  great  as  when  the  prospecting 
is  none  by  drill  holes.  The  practice  in  Alaska  varies  according  to  the 
work,  the  resources  of  the  owner,  and  the  depth  of  the  ground.  Where 
the  gold  has  not  traveled  far  and  in  consequence  the  values  arc  spotted, 
shafts  should  be  sunk  30  to  50  feet  apart,  but  such  close  work  is  never 
done.  Twent}^  shafts  to  a  20-acre  claim  are  common.  Shallow  ground, 
6  to  IS  feet  deep,  can  he  well  and  cheaply  prospected  in  the  winter 
months.  Deep  ground,  as  in  the  Fairbanks  field,  is  expensive  to  pros- 
pect, and  the  prospect  shafts  do  not  average  four  to  a  claim.  The 
cost  of  sinking  shafts  in  the  various  camps  is  given  below. 

Twenty  shafts,  3^  by  0  feet  and  12  feet  in  depth,  timbered  in  thawed 
ground,  or  untimbered  in  frozen  ground,  cost  from  $1,200  to  $2,<K)0. 
If  steam  thawing  is  employed,  the  outfity consisting  of  a  (>-horsepower 
boiler,  three  or  four  steam  points,  steam  hose,  and  pipe  connections, 
will  cost  from  $300  to  ^00.  Hot  stones,  hot  water,  and  wood  fires 
are  nvore  generally  employed  in  prospecting  ground  in  the  remote 
camps.  The  hardest  ground  to  prospect  is  that  which  is  partl}'^  frozen. 
For  example,  in  the  Birch  Creek  and  Fortymile  districts  shafts  15 
to  25  feet  in  depth  penetrate  frozen  ground  and  require  no  timbering 
until  they  are  within  5  feet  of  bed  rock,  when  a  rush  of  water  is  fre- 
quently encountered.  The  entire  labor  of  sinking  the  shaft  through 
the  overlying  barren  material  may  be  lost,  as  the  shaft  ma}'^  be  flooded 
before  pay  gravel  is  reached. 
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COST  OF  PROSPECTING  IN  DIFFERENT  LOCALITIES. 

In  the  Juneau  district  prospect  shafts  must  be  square  set,  and  cost 
on  an  average  $6  a  foot,  and  in  heavy  landslide  $20  a  foot.  In  the  Por- 
cupine district  the  cost  of  a  cut  25  by  12  feet  and  40  feet  deep  is  $50  per 
foot,  and  that  of  an  8-  by  8-foot  shaft  is  $20  per  foot.  In  the  Sunrise 
and  Chisna  districts  ground  is  prospected  by  open  cut«.  A  cut  50  feet 
in  length  is  reported  to  cost  $2,000. 

At  Atlin  ground  is  prospected  mostly  by  drifting.  On  McKee  Creek 
tunnels,  timbered  and  lagged,  cost  $3.50  per  foot.  On  Spruce  Creek 
the  cost  of  posts  and  caps,  10  im^hes  thick  and  6  feet  long,  is  50  cents 
each;  lagging,  10  cents  each.  On  Gold  Run  thirty  6-inch  holes  are  said 
to  have  been  drilled  to  a  depth  of  32  feet  by  a  churn  drill  (cost,  $3,500, 
laid  down),  at  the  rate  of  $1  a  foot. 

In  the  Klondike  drifts  to  prospect  the  bench  gravels  cost  $7  to  $8 
a  foot,  timbered,  and  shafts  from  $5  to  $10  a  foot.  In  timbering,  three 
sets  of  posts,  sill,  cap,  and  lagging  are  put  in  for  $6,  and  as  one-half 
cord  of  wood  is  used  to  a  set  the  whole  cost  is  $7  per  set.  In  frozen 
creek  ground  two  men,  working  three  shifts,  sunk  a  pit  5  feet  square, 
28  feet  deep,  using  about  2-horsepower  steam  during  thirty  hours. 

On  Fortymile  Creek,  thawing  ten  hours,  two  men  take  out  on  an 
average  4  feet  a  day,  the  shaft  being  5  feet  by  34  feet  in  dimensions. 
On  American  Creek  prospecting  is  very  difficult,  as  running  water  is 
always  encountered  at  bed  rock,  even  in  the  coldest  weather. 

In  the  Fortymile  district  shafts  averaging  3^  by  6  feet,  untimbered, 
cost  from  $3  to  $5  per  foot.  Seven  shafts  4  by  8  feet  and  23  feet  deep 
cost  $2,000.  A  shaft  7  by  3^  feet  and  20  feet  deep  cost  $5  per  foot, 
the  thawing  being  effected  b}'^  means  of  wood  fires  and  steam. 

In  the  Birch  Creek  district  shafts  thawed  down  bv  wood  fires  to  a 
depth  not  exceeding  20  feet  cost  $5  per  foot.  On  Mastodon  Creek,  in 
this  district,  11  pits  3  by  6  feet  and  20  feet  deep  cost  $650.  Twenty 
pits  3  by  6  by  13  feet  cost  $7  per  foot.  The  differences  in  cost  here 
are  due  to  the  varying  amount  of  permanent  frost  in  the  ground,  pros- 
pecting always  })eing  cheapest  in  solidl}'^  frozen  ground.  On  Mammoth 
Creek  100  pits  10  feet  deep  cost  $5  per  foot.  Wood  fires  were  used, 
2  feet  being  sunk  each  day.  No  timbering  was  required,  and  labor 
was  paid  $10  a  day. 

In  the  Fair})anks  district  the  prospect  shafts  cost  from  $7  to  $10  per 
foot.  Timbering  is  generally  necessary,  but  very  light  poles  are  used 
either  as  lagging  orcri})bing.  The  best  s^^stem  is  to  put  in  6-foot  sets 
of  3-in('h  poles,  and  outside  of  these  to  lag  with  2-inch  poles  vertically, 
filling  in  solidly  between  the  poles  and  the  muck  or  gravel  with  moss. 
Shafts  cribbed  with  pc)l(\s  horizontally  are  more  likely  to  get  out  of 
plum  I).  Four  shaft.s  sunk  on  lower  Fairbanks  Creek  cost  $5  per  foot, 
and  wer(^  ,S2,  44,  53,  and  54  feet  deep.  On  Cleai*y  Creek  a  shaft  4  by 
C^  feet  and  75  feet  deep  (hillside  claim),  CY\\>\)^3L\NvlViV\\v^Y^^'s..^^^'^^» 
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$560.  Wood  fires  were  used  in  thawing.  On  Pedro  Creek  19  pits 
3i  by  7  by  12  feet  cost  $1,140,  and  on  an  adjoining  claim  pits  3  by  6 
feet  and  18  feet  deep  cost  $6  per  foot.  The  light  timbering  and  moss 
filling  used  in  the  Fairbanks  mines  is  to  prevent  the  muck  walls  from 
thawing  and  caving. 

In  the  Rampart  district  30  pits  3  by  6  feet  and  20  feet  deep  cost 
from  $75  to  $100  each.  The  ground  was  parti}'  thawed,  but  required 
no  timbering. 

In  the  Nome  district,  on  account  of  the  entire  lack  of  native  timber, 
shafts  are  cribbed  with  1  or  2  inch  planking,  set  close  together,  no  sets 
being  used.  On  the  Snowflake  bench  claim,  on  Anvil  Creek,  the  crib- 
bing was  reenforced  by  2  by  4  inch  posts  in  the  corners.  Five  dollars 
per  foot  is  the  average  cost  of  4  by  5  shafts,  timbered,  in  unfrozen  or 
partially  frozen  ground. 

On  Bonanza  Creek,  near  Nome,  pits  in  the  shallow  creek  bed,  3  by  7 
feet  and  7  feet  deep,  are  said  to  cost  50  cents  per  f oot.^  The  ground  is 
only  lightly  frozen  and  requires  no  timbering.  On  Ophir  Creek,  in 
the  Council  district,  it  costs  on  an  average  $5  to  sink  pits  7  feet  deep. 

In  the  northern  part  of  Seward  Peninsula  the  ground  is  solidly 
frozen.  In  the- Kougarok  district  pits  35  feet  in  depth,  with  steam 
thawing,  cost  $8  per  foot,  and  require  no  timbering. 

In  the  Candle  or  Fairhaven  district,  adjacent  to  Kotzebue  Sound,  28 
pits  12  to  15  feet  deep  cost  $4  a  foot.  It  was  necessary  to  thaw  to 
bed  rock.     The  equipment  cost  $500. 

RESULTS  OF  PROSPECTING. 

Numerous  reports  from  many  parts  of  Alaska  indicate  that  the 
amount  of  gold  obtained  per  cubic  yard  from  prospect  shafts  does  not 
equal  that  extracted  b}^  subsequent  actual  mining.  The  reverse  is  very 
rarely  true.  It  is  difficult  to  assign  a  reason  for  this  discrepancy  other 
than  that,  owing  to  the  frozen  condition  of  the  gravel,  some  of  the 
gold  escapes  when  small  lots  are  washed  in  the  winter.  Frozen  gravel 
does  not  easily  disintegrate,  even  in  hot  water,  and  unless  the  residue 
from  panning  or  rocking  is  saved  and  rewashed,  losses  very  likely 
occur. 

It  is  needless  to  urge  the  importance  of  prospecting  ground  in  a 
thorough  manner  before  expensive  machinery  is  installed.  The  many 
failures  through  the  long  history  of  mining  which  have  resulted  from 
precipitate  expenditure  to  exploit  supposed  valuable  properties  present 
an  open  page  of  admonition  to  him  who  cares  to  read. 

The  sampling  of  winter  dumps  as  thc}^  are  extracted  does  not  appear 
to  have  received  the  attention  which  it  deserves.  A  method  used  by 
Mr.  Kelley,  of  Dominion  Creek,  in  the  Klondike,  is  as  follows: 

The  ordinary  conical  dump  of  frozen  gravel,  PL  III,  B  (p.  40), 

a  This  work  is  probably  done  in  the  winter  vr\t\\  \abox  «L\.%i.7Ttt  «l  d«.v  and  Inmrd. 
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assumes  a  somewhat  steeper  angle  than  that  of  loose  material.  One 
measured  in  the  Klondike  had  a  slope  of  40°.  From  experience  it  has 
been  found  that  if  the  ground  is  of  uniform  richness,  80  per  cent  of 
the  values  are  contained  in  the  upper  two-thirds  of  the  dump,  which 
has  a  content  of  approximately  8,000  cubic  yards.  The  apex  of  the 
diunps  is  generally  30  to  40  feet  above  the  base.  Four  times  each  day 
5  pans  are  taken  in  sampling — one  from  each  quadrant  of  the  dump 
one-half  way  down  from  the  top — and  one  pan  from  the  apex.  The 
results  of  the  20  pannings  are  put  together  before  weighing,  and  50 
per  cent  of  the  result  is  taken  for  the  average  value  of  what  has  been 
taken  out  during  the  day. 

Neglect  to  apply  some  form  of  sampling  to  the  dumps  has  caused 
many  lamentable  failures  in  the  Klondike.  Winter  operators,  of  the 
Fairbanks  district  should  keep  themselves  assured  by  constant  sam- 
pling that  the  gi*avel  they  are  getting  out  at  such  a  cost  carries  values. 

WATER  SUPPIiY. 

CLIMATIC  CONDITIONS. 

Land  areas  in  high  northern  latitudes  are  characterized  by  distribu- 
tion of  their  natural  resources  that  is  unfavorable  to  economic  use. 
In  Alaska  the  great  forests  that  characterize  the  south  coast  are 
replaced  by  stunted  growths  of  spruce  in  the  gold  fields  of  the  interior 
and  by  willow  copses  in  Seward  Peninsula.  During  a  normal  year  the 
rainfall  at  Juneau,  as  may  be  seen  from  table  2  (p.  48)  compiled  by 
Dr.  Cleveland  Abbe,  jr.,  is  over  eight  times  as  great  as  at  Eagle, 
on  Yukon  River.  The  catchment  area  at  Juneau  is  only  4  square 
miles,  and,  as  the  grades  of  the  hillsides  are  precipitous,  the  rainfall 
quickly  runs  off.  A  small  amount  of  the  water  is  used  for  power  in 
connection  with  milling  operations  and  for  mining  placer  gold.  The 
short,  steep  creeks  and  rivers  of  the  south  coast  have  small  catchment 
basins,  and  even  were  there  any  use  for  the  water  for  placer-mining 
purposes,  there  would  be  difficulty  in  impounding  it  after  the  melting 
of  the  snows  in  June  and  eTuly. 

Large  catchment  basins  exist  in  the  interior  of  Alaska,  but  the  water 
to  till  them  is  unfortunately  lacking.  At  Eagle,  where  the  annual 
rainfall  is  11.4  inches  in  a  normal  year,  the  drainage  area  of  Mission 
Creek  and  its  tributaries  which  flow  into  the  Yukon  is  nearly  200  square 
miles.  Of  the  amount  of  water  caught  in  a  given  area,  however,  very 
little  is  available  for  mining  purposes.  As  an  illustration  take  the 
case  of  Americjin  Creek,  a  tributary  of  Mission  Creek.  The  only 
placer  mining  on  it  is  done  at  a  point  about  12  miles  distant  from  its 
mouth,  at  an  elevation  of  1,600  feet.  As  the  use  of  water  for  hydraulic 
mining  requires  a  head  of  200  feet,  and  as  the  height  of  the  divides 
which  surround  American  Creek  does  not  exceed  3,000  feet,  it  is^vi- 
dent  that  the  only  catchment  area  available  is  \)ciL^lVsV\v^\>^\N^^vi\^'V^^^ 


44 


GRAVEL   AND   PLAOEB   MINING   IN    ALASKA. 


[BULL.  288. 


and  3,000  feet,  and  between  the  mine  and  the  head  of  the  creek,  or  its 
short  tributaries.  Of  a  total  catchment  area  of  nearly  75  square  miles 
for  American  Creek,  only  15  square  miles  are  available  for  the  opera- 
tions at  the  point  referred  to.  If  it  were  possible  to  catch  all  the 
water,  say  11.4  inches  in  depth,  which  fell  on  this  area  during  a 
season,  and  use  it  in  hydraulic  mining,  it  would  amount  to  1,500 
miner's  inches  available  for  one  hundred  and  twenty  days,  and  would 
move  gravel  at  the  rate  of  1  cubic  yard  to  the  inch  of  water.  As  in 
practice  it  is  not  possible  to  utilize  at  head  over  one-third  of  that 
theoretically  available  in  the  catchment  area,  the  capacity  of  the  water 
power  available  is  reduced  in  proportion.     (See  fig.  1.) 


Frr..  1.— Map  showing  American  Creek  drainage,  Eagle  district. 

In  certain  parts  of  the  Fortymile  region  it  is  not  impossible  that 
water  conduits  from  10  to  15  miles  in  length  c^n  be  constructed  to 
bring  water  to  the  placer  diggings.  The  (ilacier  Mountains,  lying 
west  of  the  upper  portion  of  Mission  Creek,  rise  to  heights  of  6,000 
feet,  or  3,000  feet  higher  than  the  general  level  of  the  interior  country, 
and  should  afford  a  more  promising  water  supply  than  any  other  area 
adjacent  to  the  interior  placer  mining  districts.  The  great  drainage 
system  of  the  South  Fork  of  Fortymile  Creek  may  also  be  available 
to  a  less  extent  for  obtaining  water  uudev  pxe^^^vuv^.     Mvvw.y:^  should 
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bear  in  mind,  however,  that  even  if  the  water  is  at  hand  and  the  gravel 
deposit  extensive,  the  attempt  to  work  by  the  hydraulic  method  where 
a  grade  of  6  inches  to  12  feet  can  not  be  obtained  will  probably  fail. 
In  the  Fairbanks  and  Birch  Creek  districts  the  rainfall  may  be  aa- 
sdmed  to  be  no  greater  than  that  at  Eagle.  The  catchment  area  that 
lies  at  an  elevation  sufficient  to  supply  the  placer  ground  with  water 
at  a  proper  head  for  hydraulic  operations  is  insignificant.  Even  were 
tim  auriferous  graveU  in  that  district  so  situated  as  to  be  hydraulicked, 
'  water  for  that  purpose  could  not  be  obtained.  The  small  amount  of 
water  which  runs  in  the  creek  bottoms  is  available  at  heads  not  ex- 
ceeding 25  feet,  by  means  of  ditches,  for  sluicing  purposes.  It  is  of 
variable  quantity,  however,  and  must  be  husbanded  with  the  greatest 
care.  The  promiscuous  cutting  of  timber  and  stripping  of  moss, 
which  are  the  inevitable  accompaniments  of  the  exploitation  of  the 


Flo.  v.— Map  al  part  of  Birch  Creek 


placers,  will  tend  to  gradually  diminish  the  supply  of  water.  {See  figs.  3 
and  3.) 

Of  the  interior  districts  the  Rampart  and  Fortymile  appear  to  be 
most  copiously  supplied  with  water,  and  these  are  the  only  districts 
in  the  hitherto  developed  interior  where  considerable  bench  deposits 
have  been  found.  It  seems  not  improbable  that  a  survey  with  refer- 
ence to  locating  the  larger  catchment  areas  at  sufficient  elevation  may 
result  in  obtaining  water  for  hydraulicking  the  bench  gravels. 

No  data  are  at  hand  with  reference  to  the  rainfall  in  Seward  Penin- 
sula. It  may  be  assumed  to  be  lai^er  than  that  of  the  interior,  and 
is  probably  fairly  represented  by  the  figure  given  for  St.  Michael, 
18,1  inches,  which  fell  during  the  summer  of  1904.  This  amount, 
however,  was  much  less  than  that  of  the  j'ear  before,  and  the  gold 
product  of  the  peninsula  was  thereby  materially  reduced.  The  fai-ili- 
ties  for  making  use  of  the  water  for  mining  purposes  are  better  on 


46 


GRAVEL    AND   PLACEE   MINING   IN    ALASKA. 


Seward  Penin^uhi  than  in  the  interior.  The  available  catchment  areas 
on  the  peninmila  tire  larger,  and  the  construction  of  water  conduits, 
owing  to  peculiar  conditions  which  will  be  described,  can  be  under- 
tAken  more  cheaply.  The  Kighialk  Mountains  and  the  Bendeleben 
Range,  lying  roughly  parallel  to,  and  at  a  distance  of  25  miles  north 
of,  the  important  gold  fields  of  the  South  Coast,  rise  to  heights  ranging 
from  2.000  to  4,000  feet,  and  afford,  as  has  been  proved,  a  fairly  con- 
tinuous water  supply  duiing  the  open  season.     The  York  Mountains, 


in  the  western  portion  of  the  peninsula,  will  doubtless  furnish  a  sim- 
ilar water  supply  should  occasion  require.  Already  the  extensive 
ditch  sy.stem3  of  Nome  River,  Ophir  Creek,  and  Solomon  River  afford 
an  aggregate  of  5,000  miner's  inches  of  water  in  the  drier  portions  of 
the  open  season,  (See  fig.  i.)  The  expenditure  for  this  work  already 
made  will  probably  not  fall  far  short  of  a  million  dollars.  Projects 
for  the  construction  of  water  conduits  are  in  contemplation  which 
compare  favorably  with,  and  evep  exceed  in  magnitude,  those  already 
completed. 
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That  tho  pxpeiiso  attendant  on  ditch  construction  in  Seward  Penin- 
sula IN  juiHtitiH))lc  in  certain  ca^^CM  in  not  to  be  denied.  That  the  mo»t 
profitable  method  of  ronvertiiiy  the  water  into  power  has  always 
been  applied  is,  however,  decidedly  open  to  question.  The  subject 
will  lie  further  discussed  under  the  head  of  "  Hydraulic  mining." 

The  avei-age  annual  rainfall  in  California  at  various  points  on  the 
west  slope  of  the  Sierras  is  approximately  as  follows: 

Satraniento 19 

Aulmm 20 

Oilfes 54 

CisiK) 60 

Sninmit 48 


Toward  the  north  the  rainfall  increases  in  amount,  and  toward  the 
south  it  decreases. 

Table  2,  giving  the  rainfall  in  Alaska,  shows  that  there  is  a  difference 
in  rainfall  between  the  coast  and  the  interior  gold  districts  that  is  too 
striking  to  need  comment.  Comparison  of  the  interior  rainfall  may 
1)6  made  with  that  at  St.  Michael's  station,  which  is  the  nearest  point 
available  representing  Seward  Peninsula  conditions,  yet  the  annual 
amount  of  rainfall  at  St.  Michael  is  still  very  small  compared  with 
that  in  California. 
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The  accompaDving  tables,  compiled  b}'  Cleveland  Abbe,  jr.,  on  the 
dates  of  opening  and  closing  of  interior  watt>r  navigation  and  of  tem- 
perature, are  here  inserted  because  they  have  a  direct  bearing  on 
mining  operations.  In  general,  though  the  fact  is  contrary  to  popu- 
lar opinion,  it  can  be  stated  that  climatic  conditions,  so  far  an  tem- 
perature is  concerned,  form  the  least  of  the  hardships  with  which  the 
miner  has  to  contend.  It  is  safe  to  say  that  no  more  generally  healthy 
climate  can  be  found  in  any  portion  of  the  known  world.  Data  in 
regard  to  the  length  of  season  available  for  use  of  running  water  will 
be  found  in  the  tabulated  list  of  water  conduits.    (See  tabic  8,  p.  104.) 

Table  2.—Kain/aU  in  Alatkn. 
ICompUed  by  Clevclnnd  Abbe.  ]r.| 
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Table  3— Average  ikilen  of  liui  taring  and  Jirat  /•ill  froO*. 
[Computed  by  CI eielmad  Abbe,  )r.    Data  markt^  (?)itrc  from  aiEngleotnervatiou.] 
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■  Nonconsecutlve  monttia. 
STREAM  VOLUMES. 
THE   HINER'8   inch. 


Before  discussing  the  matter  of  stream  volumes  it  will  be  necessary 
to  consider  the  unit  of  measurement,  the '^miner's  inch,"  which  haa 
received  so  many  varying  definitions  in  different  mining  districts. 
Bull.  263—05 i 
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On  this  subject*  Mr.  Hamilton  Smith  makes  the  following  state- 
ments: 

Soon  after  the  discovery  of  gold  in  California  in  1848  associations  or  incorporated 
companies  were  formed  for  the  purpose  of  building  ditches  and  storage  reservoirs  for 
the  supply  of  water  to  the  placer  mines.  The  amount  of  capital  invested  in  these 
hydraulic  works  aggregated  many  millions  of  dollars,  and  a  single  company  often  sold 
water  to  hundreds  of  mining  claims.  The  cost  of  water  was  by  far  the  most  impor- 
tant item  in  the  miner's  bill  of  costs,  and  hence  it  became  necessary  to  have  a  stand- 
anl  measure,  not  only  accurate  but  also  so  simple  that  the  amount  of  dischai^e  could 
be  readily  computed  by  the  common  miner. 

This  w^as  accomplished  by  the  discharge  of  the  stream  of  water  sold  to  each  cus- 
tomer through  a  rectangular,  square-edged,  vertical  orifice,  with  free  discharge  into  the 
air  and  having  a  constant  head.  In  different  parts  of  the  State  the  standard  open- 
ing varied,  the  width  varying  from  2  to  4  inches  and  the  head  above  the  top  of  the 
opening  from  4  to  7  inches.  Each  square  inch  of  the  opening  was  called  *'a  miner's 
inch;"  hence  in  a  locality  where  the  standard  opening  was  2  inches  wide,  if  the 
miner  wished  a  flow  of  50  miner's  inches,  the  orifice  was  25  inches  long,  and  if  only 
10  inches  was  needed  the  length  was  reduced  to  5  inches. 

This  method  is  analogous  to  the  pouce  d'eau  used  in  southern  France,  and  waa 
probably  first  introduced  or  suggested  in  California  by  some  French  or  Mexican 
miner;  the  simplicity  of  this  mode  of  measurement,  combined  with  a  sufiicient  degree 
of  accuracy,  soon  brought  it  into  general  use  on  the  Pacific  coast  wherever  water  was 
sold  for  mining,  irrigation,  ete. 

The  standard  which  had  been  in  use  since  1852  or  1853  in  the  mining  districte 
supplied  by  the  Eureka-Lake,  Bloomfield,  and  Milton  water  companies  in  Nevada 
County,  Cal.,  waa  an  opening  50  inches  long,  2  inches  wide,  with  constant  head  above 
opening  of  6  inches;  the  flow  from  this  was  called  100  miner's  inches.  *  *  * 
Generally  the  miners  bought  water  for  ten  hours  per  diem  at  an  agreed  price  per 
inch;  for  example,  a  miner  using  350  miner's  inches,  for  ten  hours  each  day,  at  the 
rate  of  15  cents  per  inch,  paid  the  water  company  $52.50  per  diem,  and  received  the 
amount  of  water  which  would  flow  through  an  orifice  having  an  aggregate  length  of 
175  inches,  a  width  of  2  inches,  with  a  head  of  6  inches  above  the  top  of  the  open- 
ing, during  a  period  of  ten  hours. 

When  water  was  used  for  the  whole  twenty-four  hours  of  the  day  the  flow  was 
termed  "a  miner's  24-hour  inch,"  and,  of  course,  meant  2.4  times  the  amount  of  dis- 
charge of  "a  miner's  10-hour  inch." 

In  California,  as  larger  amounts  of  water  came  into  use,  wider  open- 
ings were  adopted,  one  being  12  inches  high,  12i  inches  long,  with  a 
constant  head  of  6  inches  above  the  top  of  the  opening. 

Experiments  made  in  California  by  A.  J.  Bowie,  esq.,*  to  determine 
the  value  of  the  miner's  inch,  defined  as  the  one  two-hundredth  part 
of  the  quantity  of  water  which  would  flow  through  the  last-named 
aperture  in  a  l^-inch  board  under  head  of  6  inches  above  the  top  of 
the  discharge,  showed  that  1  miner's  inch  discharged  in — 

Cubic  feet. 

1  second 0. 02499 

1  minute '. 1. 4994 

1  hour 89. 9640 

24  hours 2,159.1460 

n  Hydraulics.  1886,  p.  277. 

b Bowie,  A.  J,,  it.,  A  Practical  TreaUse  on  HLvdiauUc  Mvuing,  1885,  p.  126 
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Experiments  on  a  single  aperture  of  this  form,  used  in  determining 
the  North  Bloomtield  standard  made  by  Hamilton  Smith,  jr.,^  gave  a 
discharge  (a  mean  of  two  different  openings)  of  302.7  cubic  feet  per 
minute,  or  2,179.4  cubic  feet  per  miner's  inch  in  twent\'-four  hours. 

The  miner's  inch  used  in  this  report  is  one  two-hundredth  part  of 
the  amount  of  water  which  will  flow  through  an  opening  12  inches 
high  by  12f  inches  wide  in  a  1^-inch  plank,  under  a  constant  head  of 
(>  inches  above  the  top  of  the  discharge.  This  may  be  taken  for 
all  practical  purposes  as  equivalent  to  1.5  cubic  feet  of  water  per 
minute,  or,  in  other  words,  1  cubic  foot  per  second  equals  40  miner's 
inches. 

A  simple  means  of  ascertaining  the  approximate  number  of  miner's 
inches  in  an  open  conduit  is  to  select  a  straight  portion  of  the  ditch  or 
flume  where  the  water  runs  quietly  and  where  no  accelerated  velocity 
has  been  imparted  to  it.  One  hundred  and  ten  feet  measured  along 
the  bank  should  be  called  100  feet.  Floats  made  by  weighting  empty 
cartridge  shells  with  shot  or  small  stones  and  fitting  into  them  cylin- 
drical wooden  plugs  4  or  6  inches  long  are  then  placed  in  the  canal  as 
quietly  as  possible.  Note  the  average  time  which  it  takes  several  of 
them  to  traverse  the  distance,  divide  the  distance. in  feet  bv  the  aver- 
age  time  in  minutes,  and  the  result  will  be  the  velocity  in  feet  per 
minute;  this  mtdtiplied  by  the  area  in  square  feet  will  give  the  num- 
ber of  cubic  feet  of  water  flowing  per  minute.  To  get  the  number  of 
miner's  inches,  multiply  the  cubic  feet  per  minute  by  2  and  divide 
by  3. 

California,*  Colorado,  and  Montana  have,  by  State  law,  made  the 
definitions  shown  below: 

Value  of  second-foot  ( =cubicfoot  per  second)  in  miner' a  inches. 

Miner's 
inches. 

California 40.0 

Colorado 38.4 

Montana 40. 0 

The  measure  is  of  great  value  and  should  be  defined  by  Federal  law, 
since  at  present  it  is  used  in  an  indefinite  sense.  The  placer  miner 
generally  assumes,  when  he  is  buying  water,  that  he  is  getting  1.5 
cubic  feet  per  minute  for  each  inch,  or  the  inch  measured  under  6-inch 
head  above  the  top  of  the  discharge,  whereas,  in  reality,  the  inch  sold 
him  is  equal  only  to  1.2  cubic  feet  per  minute,  being  measured  under 
a  head  of  4  inches  above  the  center  o^  an  orifice  2  inches  wide.^ 

a  Hydraulics,  p.  282. 

(> Stover,  A.  P..  California  Journal  of  Technology,  quoted  in  Eng.  and  Min.  Jour.,  May  26, 1904. 

oThe  legal  definition  of  the  miner's  inch  in  use  in  the  Yukon  Territory,  as  given  to  the  writer  by 
Mr.  A.  J.  Beaudettc,  the  Government  mining  engineer,  Is  one-twelfth  the  amount  of  water  that  will 
go  through  an  orifice  2  inches  high  by  6  inches  wide  under  a  constant  head  of  6}  inches  a'uove  the 
center  of  the  orifice. 
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TABLE   OF   STREAM  VOLUMES. 

Table  6,  below,  showing  stream  volumes  in  miner's  inches,  repre- 
sents an  attempt  to  combine  at  least  approximate  data  relating  to  the 
amount  of  water  which  flows  in  northern  auriferous  streams  during 
the  open  season.  The  few  gagings  that  were  made  during  the  course 
of  the  trip  were  by  Price  current  meter.  It  was  found  that  variations 
from  day  to  day  in  all  parts  of  the  country  were  exceedingly  frequent, 
the  volume  on  one  day  being  sometimes  from  one-third  to  one-half 
that  of  the  succeeding  da}'  after  rain.  Where  a  I'ange  between  two 
amounts  is  given,  the  smaller  figure  may  be  taken  as  representing  the 
most  frequent  condition. 

Table  6. — Approximate  stream  ix)hime«f  hi  miner's  inchen. 


District  and  stream. 


Juneau  district: 
Gold  Creek , 


Atlin  district: 

Pine  Creek 

Spruce  Creek 

McKee  Creek 

Boulder  Creek... 
Birch  Creek 

Klondike  district: 
Klondike  River  . 

Bonanza  Creek . . 
Eldorado  Creek.. 
Hunker  Creek... 

Bear  Creek 

Dominion  Creek, 
Sulphur  Creek... 
Gold  Run 


Volumes  in 
miner's  inches. 


Eagle  diMtrict: 

American  Creek 

Discovery  Fork 

Circle  diHtrict: 

Birch  Creek 

Deadwood  Creek 

Mastodon  Creek 

Mammoth  Creek 

Junction  of  Eagle  Creek 
and  Mastodon  Fork. 

Rampart  district: 

Minook  Creek 


868 
220 


Little  Minook  Creek 

Little  Minook  Jr.  Creek. 

Hunter  Creek 

Hoosier  Creek 

Ruby  Creek 

Slate  Creek 

Eureka  Creek 

Pioneer  Creek 


682 
322 


255 


500-20,000 

4,000-8,000 

1,000 

500-2,000 

1,000 

500-16,000 

55,000-300,000 

68-1^,641 
820 
156 
65 
400 
300 
120 


Time. 


Open  sea- 
son. 


.do 
.do 
.do 
.do 
.do 


70,000 


600 


1,000-10,000 

50-1,000 
0-200 
600-4,000 
500-3,000 
200-2,000 
200-2,000 
100-1,000 
200-1,000 


open  sea- 
son. 

do... 

do... 

do... 

do... 

do  ... 

do... 

do... 

do... 


Authority. 


Remarks. 


This  report 


Ix>w  to  flood. 


.do 
.do 
.do 
.do 
.do 


.do CanHdian      govern- 

1      ment  engineer. 

.do do 

.do j do 

.do do 

.do I do 

I 
I 

.do do 

.do This  report 

.do Canadian      govern- 
ment engineer. 


July This  report 

do do 


Above 

mean 

Low. 

Mean. 

Do 

■ 

Below 

mean 

Below 

forks. 

1  Members  of  Geolog- 
j      ical  Survey. 

do 

do 

do 

do 

do 

do 

do 

I do 
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Tablb  8. — Approximate  Ktrtam  votamf*,  in  min^r'n  ittcha — Contintied. 


GRADES  OP  STREAMS. 

No  subjects  are  of  greater  importance  for  the  consideration  of  the 
placer  miner  than  tlie  grade  available  for  moving  his  gravel  and  the 
vertical  space  which  he  can  obtain  for  a  tailings  dump.  Neglect  to 
carefully  consider  the  natural  grade  of  the  ground  on  which  the  pro- 
posed operation  is  to  be  undertaken  will  generally  result  in  financial 
failure. 

Alaska  i^  not  characterized  by  titeep  grade.i  in  the  partH  which  are 
rich  in  alluvial  gold.  In  fact,  with  the  exception  of  the  relatively 
small  placer  districbi  of  the  South  Coast  province,  the  long-continaed 
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conditions  of  erosion  have  produced  surprisingly  low  gradients  in  the 
streams.  Table  7,  below,  gives  the  grades  of  streams  in  the  gold- 
producing  districts  of  the  north.  For  the  sake  of  showing  the  defects 
of  Alaska  in  the  important  requirements  of  grade,  the  lowest  figure  in 
the  table  gives  what  is  frequently  referred  to  by  gravel  miners  as 
"sluice-box  grade."  If  the  sluice  boxes  are  carried  on  a  grade  lower 
than  6  inches  to  the  12-foot  box,  the  gravel  can  not  be  economically 
moved  through  it  except  by  employing  an  excessive  quantity  of  water. 
By  comparing  the  sluice-box  grade  with  those  of  the  various  Alaska 
creeks,  it  becomes  evident  that  in  nearly  every  case  the  material,  either 
before  entering  or  after  leaving  the  tail  sluice,  must  be  artificially 
elevated  in  order  that  the  sluice  may  have  suflicient  grade.  The 
various  devices  in  use  for  accomplishing  this  elevation  will  be  dis- 
cussed under  proper  headings. 

Table  7. — Stream  grades  along  important  sectiom  of  their  courses. 

_  Average  fall 

Juneau  district:  in  feet  per  mile. 

Gold  Creek" 292 

NiziNA  district: 

Dan  Creek 200 

Atlen  district: 

Pine  Creek 60 

McKee  Creek 430 

Klondike  district: 

Eldorado  Creek 50 

Bonanza  Creek 45 

Gold  Rim 50 

Fortymile  district: 

Wade  Creek 75 

Chicken  Creek 80 

Walker  Fork 1 00 

Eagle  district: 

American  Creek .^ 90 

Circle  district: 

Dead  wood  Creek 70 

Mastodon  Creek 75 

Mammoth  Creek 60 

Eagle  Creek 100 

Fairbanks  district: 

Fairbanks  Crei^k 75 

Chatham  Creek 250 

Cleary  Creek 60 

Pedro  Creek 65 

Rampart  district: 

Little  Minook  Creek 90 

Hunter  Creek 75 

Nome  district: 

Anvil  Creek 100 

Glacier  Creek * 50 

Dexter  Creek 120 
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^  Average  fall 

Council  district:  In  feet  per  mile. 

Ophir  Creek 25 

Melsing  Creek 50 

Solomon  district: 

Solomon  River 20 

Shovel  Creek 90 

Average  sluice-box  grade 220  (or  6  inches  to  12  feet) . 

OPEN-CUT  MINING. 

INTRODUCTION. 

Under  this  heading  will  be  discussed  the  various  methods  of  mining 
by  which  gravel  is  taken  out  of  open  cuts — either  simple  pick-and- 
shovel  methods  or  methods  involving  the  use  of  mechanical  contriv- 
ances. Hydraulic  methods  will  be  considered  in  a  later  section.  The 
simplest  of  the  open-cut  methods  dominated  throughout  the  province 
up  to  within  a  few  years,  to  the  practical  exclusion  of  all  others  except 
winter  drifting,  which  will  be  considered  below.  To-day  probably  60 
per  cent  of  the  placer-mining  operations  in  Alaska  are  confined  to 


Fio.  5.— Klondike  rocker. 

open-cut  methods,  and  this  investigation  has  brought  the  proof  that, 
when  combined  with  proper  mechanical  devices,  these  form  often  the 
most  economical  mode  of  exploitation. 

Open-cut  methods  can  be  conveniently  grouped  under  various  head- 
ings, but  the  underlying  principle  of  excavating  and  transporting  the 
material  to  the  washing  apparatus,  either  by  hand  labor  or  by  some 
mechanical  means,  remains  the  same.  It  therein  dilffers  from  hydraulic 
mining,  where  the  gravel  is  moved  by  water  under  pressure.  There 
are,  of  course,  various  intermediate  processes,  which  will  not  require 
separate  consideration. 

ROCKER  AND  LONG  TOM. 

The  simplest  method  of  work  which  the  miner  adopts  after  he  has 
passed  the  stage  of  panning  is  that  of  shoveling  from  the  bank  and 
washing  the  gravel  in  a  rocker.  The  use  of  the  rocker  is  too  well 
known  to  need  description.  The  form  employed  in  the  Klondike, 
where  its  use  has  been  nearly  discontinued  in  mining,  is  shown  in 
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fig.  5.     Two  men  are  necessary  to  use  the  rocker  properly,  while 
only  3  to  5  cubic  yards  of  gravel  can  be  washed  in  ten  hours. 

At  no  place  was  the  long  torn  seen  in  use  in  the  north,  although  it 
was  formerly  employed  to  some  extent  in  washing  the  Nome  beach 
placers. 

SHOVELING  INTO  SLUICE  BOXES. 
CONDITIONS   FOR   SHOVELING. 

Conditions  throughout  many  of  the  northern  placer  districts  favor 
this  well-known,  simple,  and  cheaply  installed  method  of  placer  min- 
ing, for  in  many  localities  the  pay  streaks  are  thin,  ranging  from  2  to 
4  feet  in  thickness,  rarely  exceeding  6  feet.  It  is  often  applicable 
where  conditions  of  transportation  prohibit  the  installation  of  more 
elaborate  plants. 

When  the  tc^tal  depth  to  the  bottom  of  the  pay  streak  does  not 
exceed  12  feet,  the  overlying  barren  material  can  generally  be 
'Aground  sluiced''  off,  even  where  the  grade  does  not  exceed  1  per 
cent,  at  an  expense  varying  from  7  to  20  cents  per  cubic  yard.  The 
frozen  muck  which  composes  this  overburden  is  from  50  to  75  per 
cent  water,  and  the  solid  residue  of  silt  or  fine  clay  is  easily  carried 
away  at  any  time  of  slight  rise  in  the  stream.  The  method  of  ground- 
sluicing  the  muck  is  described  under  the  heading  "Hydraulic  min- 
ing," on  page  141.  PI.  IV,  A^  shows  the  ordinary  method  of  setting 
up  a  string  of  sluice  boxes  on  a  creek  placer.  This  method  is  used 
in  an  elaborate  form  on  Anvil  Creek,  where  5  strings  of  boxes  and 
120  shovelers  give  a  twenty-hour  capacity  of  1,080  cubic  yards. 

The  handling  of  the  water  is  important.  Even  when  the  gravel  has 
been  solidly  frozen  previous  to  stripping  and  sun  thawing,  there  are 
generally  from  15  to  25  miners'  inches  of  seepage  water,  which  work 
into  the  pit  floor.  This  must  be  disposed  of  either  b}'^  draining  or  by 
pumping.  If  sufficient  water  (50  miners'  inches)  is  available,  a  "China 
pump''  can  be  rigged  up,  as  shown  in  PI.  IV,  B.  This  device  is 
not  economical  in  its  use  of  water,  for  the  water  is  genemlly  of  more 
value  for  other  purposes  in  Alaska  mining. 

DAMS. 

As  in  all  other  forms  of  creek  mining,  great  care  must  be  taken  to 
keep  the  creek  water  out  of  the  working  pits  b}'  means  of  dams. 
Dams  construct(Hl  of  sod  walls  lined  with  sacks  have  been  found 
cheaper  in  the  Klondike  than  those  built  of  sod  and  brush.  Pile 
driving  is  not  advisable  in  the  north,  but  in  case  timber  is  abundant 
cribbing  is  desirable,  as  illustrated  in  PI.  V,  //,  showing  a  dam  built 
across  Discovery  Fork  of  American  Creek  to  impound  water  for 
"  booming."  The  ends  of  the  logs  were  set  in  frozen  ground  on  both 
sides  and  the  muck  was  allowed  to  ref  reeze  around  them.  The  dam, 
40  feet  long,  consists  of  12-inch  timbers,  from  9  to  18  feet  long,  laid 
up  hi  two  2-ow's,  5  feet  apart,  eavt\\  and  xoek  ftV\^d^«k.vid  \iY«uced  vritli 
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cross  timbers  as  indicated.  The  dam,  self -dumping  gate,  and  accessory 
flumes  were  built  by  two  men,  and  are  said  to  have  cost,  in  labor  and 
time,  only  $300. 

The  self-dumping  gate  shown  in  PL  V,  B^  was  not  in  use  when 
the  visit  to  Discovery  Fork  was  made.  It  had  been  used  during  the 
month  of  June,  1904,  in  "  booming"  the  overburden  from  the  area  of 
pay  ground  which  it  was  desired  to  uncover.  The  action  of  the  gate 
is  apparent  from  the  illustration.  Swinging  on  its  horizontal  axle, 
set  two-thirds  the  distance  from  the  top  to  the  bottom  of  the  gate,  it 
releases  the  water  when  the  reservoir  becomes  full  and  regains  its 
closed  position  when  the  reservoir  is  nearly  empty.  During  a  period 
of  three  weeks  a  block  of  overburden  consisting  of  muck  and  barren 
gravel,  5  feet  thick  by  25  feet  wide  by  900  feet  in  length,  had  been 
removed  by  the  booming  process  before  the  shoveling  operations  com- 
menced, the  total  cost,  including  the  construction  of  the  dam  and  gate, 
not  exceeding  7  cents  per  cubic  yard. 

The  process  of  booming  by  means  of  automatic  water  gates  was  for- 
merly generally  in  use  in  California,  and  is  employed  even  to-day  in 
southern  Oi'egon.  Pliny  mentions  the  process  as  having  been  in 
extensive  use  in  Spain  before  the  Christian  era.  As  a  rule  it  is  inap- 
plicable to  mining  or  stripping  in  Alaska,  because  the  stream  grades 
are  gentle  and  because  the  debris  carried  down  by  the  torrential  stream 
will  damage  property  situated  farther  down  the  creek. 

On  Hunker  Creek,  in  the  Klondike,  a  dam  of  moss,  brush,  and 
gravel,  90  feet  long  and  18  feet  high,  built  for  the  puipose  of  keeping 
the  water  from  an  open  cut,  cost  55500.  Dams  in  Seward  Peninsula 
are  successfully  built  of  sod,  the  material  which  overlies  the  frozen 
muck  to  the  depth  of  2  feet.     Sacks  of  sand  are  also  successfully  used. 

DRAINS. 

Below  the  proposed  pit  a  backwater  dam,  generally  4  feet  in  height, 
is  built  across  the  creek,  and  the  end  of  the  sluice  is  extended  beyond 
this  dam  a  few  feet.  Pi.  IV,  A  (p.  50),  shows  the  system  of  damming 
to  keep  the  water  out  of  a  small  shoveling  pit,  and  PL  V,  A  (p.  58), 
shows  backwater  dam  and  the  standpipe  erected  to  receive  water 
for  the  bed-rock  drain.  Assuming  that  the  ground  is  to  be  worked 
upstream,  the  method  of  laying  off  the  drain,  commonly  called  the 
"bed-rock  drain,"  is  as  follows:  1\\  12-foot  ground  take  a  level  and 
sight  downstream  from  the  prospect  pit  to  a  point  where  12  feet  ver- 
tical distance  above  the  water  in  the  stream  is  obtained.  The  sight 
should  be  taken  at  a  point  2  feet  a])ove  the  surface  of  the  ground,  to 
allow  for  the  height  of  the  bac^kwater  dam.  The  point  where  the 
drain  is  to  be  started  is  the  distance  downstream  obtained  by  the  sight 
plus  12  feet,  allowed  as  a  safety  factor.  On  a  2  per  cent  grade  this 
would  necessitate  a  drain  612  feet  long.  The  drain  is  dug  and  left 
open  until  after  the  first  cut  is  made.    l\;a  ^\irLe;ii^\o\i^  ^\^  ^^\i^\»S^c^ 
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2  by  2  feet  and  it  Ls  lagged  inside  with  poles  horizontally,  these  being 
held  by  posts  with  4-foot  centers,  into  which  shoulders  are  cut  for 
caps.  After  the  first  cut  the  drain  must  be  covered  by  logs  and  moss 
laid  on  top  of  the  caps.  For  small  opemtions  a  box  drain  made  of 
sawed  1-inch  lumber,  the  inside  dimensions  being  12  by  10  inches,  is 
used.  There  should  be  a  standpipe  l>ored  with  auger  holes  in  the 
drain  at  the  lower  end  of  every  cut.  The  drain  should  have  a  very 
slight  grade,  as  low  as  li  inches  to  100  feet  being  used.  At  first  the 
drain  will  handle  only  seepage  water,  but  if  one  cut  of  100  feet  in 
length  after  another  is  successively  worked  upstream,  sluice  water 
may  have  to  be  run  through  it  to  prevent  backing  up.  Some  opera- 
tors recommend  keeping  the  main  drain  large  and  giving  it  the  bed- 
rock grade,  while  a  smaller  drain,  8  by  8  inches,  is  kept  parallel  to  it 
on  a  less  grade.  This  will  handle  the  seepage  water  and  will  gain 
depth  upstream,  thus  allowing  for  inequalities  in  the  bed  rock,  which 
are  very  frequent. 

Drains  are  expensive  to  make  but  are  generally  preferable  to  pumps. 
On  Mastodon  Creek,  in  the  Birch  Creek  district,  a  bed-rock  drain, 
500  feet  long,  dug  4  feet  wide,  lagged  inside  with  4-foot  cord  wood, 
making  it  2  feet  in  the*  clear,  and  covered  with  poles  and  moss,  was 
dug  through  cemented  and  frozen  gravel  and  bed  rock,  and  cost  $7,000, 
its  construction  consuming  all  of  one  season.  In  the  Fairbanks  dis- 
trict an  open  drain,  not  lagged,  3  feet  deep  and  3  feet  0  inches  wide, 
took  the  labor  of  2  men  six  weeks,  costing  nearly  §000. 

In  excavating  for  drains  the  ground  should  be  cut  in  terraces,  so 
that  when  it  commences  to  thaw  it  will  not  run  and  clog  the  canal. 
Pumping  seepage  water  from  the  pit  is  to  be  condemned  in  general  as 
strongly  as  pumping  water  for  sluicing.  In  Bonanza  Creek,  Klondike, 
an  operation  involving  the  handling  of  several  thousand  yards  was 
said  to  be  more  expensive  ])y  40  cents  per  cubic  yard  when  pumping 
of  the  seepage  was  done  than  when  the  water  was  handled  by  drain. 
The  pumping  of  seepage  water  by  any  form  of  pump  nia}^  })e  estimated 
to  add  at  least  25  cents  per  cubic  yard  to  the  expenses  of  handling  the 
gravel.  The  use  of  overshot  wheels  operating  China  pumps  is  cheap 
where  water  is  plenty.  The  small  one  illustrated  by  PI.  IV,  /?, 
was  using  20  inches  of  water  to  lift  about  one-third  this  amount  a 
height  of  10  feet.  Such  a  pump  in  the  Klondike,  with  5-foot  wheel, 
costs  $100  to  build. 

COST   OF   SHOVELIN(i. 

The  cost  of  a  plant,  including  that  of  constructing  a  seepage-water 
drain,  sod  dams,  and  a  string  of  10  sluice  boxes,  with  a  ditch  to  lead 
the  water  to  the  sluice,  varies  from  $500  to  $2,000,  according  to  the 
conditions.  As  stated  in  the  cost  sheet  (table  1,  p.  38),  the  expense 
of  handling  gravel  by  this  method  is  from  $1.25  to  $2.50  per  cubic 
jardf  reaching  $6  to  $7  in  remote  dVatxicts. 
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The  duty  of  a  man  shoveling  is  variously  estimated  in  different  dis- 
tricts of  the  North.  This  form  of  mining  having  been  nearl}"-  discon- 
tinued in  the  Klondike  region,  ver}'^  little  information  concerning  it 
was  obtainable.  The  extensive  shoveling  operations  on  upper  Bonanza 
Creek  were  not  visited.  In  one  case,  where  a  platfonn  was  used,  2 
men  shoveling,  in  two  stages,  a  total  of  9  feet  lift,  2  feet  of  jmy  were 
shoveled  into  the  boxes  at  the  rate  of  3i  cubic  yards  per  ten-hour  man. 

In  the  Birch  Creek  district  the  duty  of  a  man  shoveling  from  an 
avemge  of  12  operations  is  5  cubic  yards  in  ten  hours,  the  depth  of 
pay  averaging  4.41  feet,  and  the  lift  never  exceeding  0  feet. 

In  American  Creek,  where  the  bowlders  were  large  and  men  had  to 
stop  work  to  get  them  out  of  the  way,  the  duty  was  2f  cubic  yards. 
On  Discovery  Fork  of  this  creek  the  duty  was  4  cubic  yards,  the 
depth  being  5  feet. 

In  the  Fairbanks  district,  where  shoveling-in  operations  are  few, 
owing  to  the  depth  of  ground,  the  average  of  three  seen  was  7i  cubic 
yards  duty,  the  depth  shoveled  being  3  feet  of  pay,  part  gravel  and 
part  bed  rock.     In  no  case  was  there  a  lift  of  over  5  feet. 

In  the  Nome  region  5.76  cubic  yards  duty  is  prolwibly  very  near 
the  average  on  a  bank  from  5  to  7  feet  in  height.  In  the  case  of  the 
large  operations  of  the  Pioneer  Mining  Company,  on  Anvil  Creek, 
the  work  has  been  so  systematized  that  on  the  3-foot  bank  handled  the 
duty  is  9  cubic  yards  per  ten-hour  man. 

One  operation  on  Solomon  River,  where  the  lift  was  high,  and  the 
bexi  rock  irregular,  3.75  cubic  yards  was  the  duty  on  a  3- foot  bank. 

In  the  Council  district  of  Seward  Peninsula,  including  operations 
on  Ophir,  Crooked,  Warm,  Gold  Bottom,  Camp,  and  Penelope  creeks, 
the  duty  of  a  man  averages  6.63  cubic  yards  on  an  average  height  of 
Ijank  of  3.5  feet.  This  average  is  affected  by  one  case  where  on  a 
limestone  bed  rock,  with  double  lift,  the  duty  was  3.5  yards;  also  by 
another  where  with  eight-hour  shifts,  working  on  3-foot  bank  with 
5-foot  lift,  the  extraordinary  duty  of  12  cubic  yards  per  man  was 
vouched  for. 

The  method  of  working  shallow  placers  by  shoveling  into  boxes  has 
much  to  commend  it,  especially  when  the  water  is  drained  from  the 
cut,  either  with  or  without  a  covered  drain.  In  Alaskan  gravels 
exceeding  ^  in  gold  tenor  to  the  cubic  yard  of  material  handled  by 
shoveling,  frequently  from  one-half  to  two-thirds  of  the  gold  lies  in 
the  crevices  of  the  upper  18  inches  or  2  feet  of  the  l)ed  rock.  Men 
directly  shoveling  this  material  can  thoroughly  clean  the  bed  rock  by 
the  shoveling-in  method.  On  the  other  hand,  if  horse  scrapers,  steam 
scrapers,  or  steam  shovels  are  used,  the  bed  rock  is  frequently  not 
cleaned,  and  a  gang  of  men  must  go  over  the  ground  a  second  time  to 
pick  up  the  auriferous  material  which  has  been  left.     This  point  is 
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of  the  first  importance.  No  operator  should  contemplate  the  installa- 
tion of  mechanical  excavators  for  working  gravel  without  taking  full 
account  of  it. 

In  considering  methods  of  mining  by  water  or  mechanical  power, 
the  cleaning  of  bed  rock  by  men  may  be  permissible  from  an  economic 
standpoint  in  exceptional  instances,  as,  for  example,  where  a  thick 
overburden  is  cheaply  removed  by  hydraulicking  and  a  very  thin  rich 
pay  streak  remains.  When,  however,  a  mechanical  method  of  remov- 
ing overburden  and  low-grade  gravels  costs  from  50  cents  to  $1  a 
yard,  and  the  whole  area  has  to  be  gone  over  again  by  men  to  wheel 
the  rich  pay  to  the  sluice,  the  gravel  must  be  extraordinarily  rich  to 
pay  a  profit.  The  lowest  cost  of  handling  gravel  by  the  method  of 
shoveling  in  was  found  to  be  $1  per  cubic  yard  on  one  of  the  creeks 
of  Seward  Peninsula,  while  the  cost  may  reach  $5  on  some  of  the 
isolated  interior  creeks  of  Alaska."  From  10  cents  to  $1  per  square 
yard  of  area  worked  must  be  generally  added  to  the  shoveling  cost  to 
cover  the  cost  of  stripping  muck  or  overburden.  Ground  which 
exceeds  12  feet  in  depth  of  combined  stripping  and  pay  will  rarely 
pay  if  handled  by  the  method  of  shovelipg  into  the  sluice. 

HORSE  SCRAPING  INTO  SLUICE  BOXES. 

Ground  which  can  be  worked  by  men  shoveling  into  sluices  can, 
under  certain  conditions,  be  worked  satisfactorily  by  horse  scraping, 
and  at  an  expense  of  one-third  of  that  necessary  to  shovel  in.  The 
most  important  governing  condition  is  the  degree  of  looseness  in  the 
gravel  and  in  the  underl3nng  auriferous  bed  rock.  Two  horses,  or, 
better,  mules,  hauling  a  scraper,  with  driver,  will  cost  from  $17  to 
$23  a  day,  and  in  the  ordinary  small  gravel  of  the  Alaska  placers, 
with  soft  schist  bed  rock,  the  team  will  scrape  into  the  boxes  from 
30  to  40  cubic  yards  of  gravel  a  day  over  a  distance  of  75  feet.  On 
Penelope  Creek,  in  Seward  Peninsula,  it  was  said  that  the  team  would 
handle  as  much  as  10  men  could  shovel,  the  cost  per  cubic  yard  being 
30  cents. 

One  common  breaking  plow  with  a  team  of  horses  suffices  to  break 
up  enough  ground  for  four  scrapers.  The  method  requires  an  inclined 
platform  built  up  to  a  height  of  10  to  15  feet  above  the  bed  rock,  over 
the  head  box  of  the  sluice.  A  rectangular  opening  in  this  platform 
serves  as  a  chute  to  the  dump  box.  Generally  the  horses  travel  in 
an  elliptical  track,  passing  the  end  of  the  tail  box  and  scraping  the 
tailings  from  it,  then  entering  the  pit,  scraping  up  the  pay,  and  after- 
wards delivering  it  to  the  sluice.  In  Seward  Peninsula  the  cost 
of  this  method  can  be  brought  as  low  as  25  cents  per  cubic  yard,  and 
in  no  part  of  the  interior  will  it  exceed  50  cents,  exclusive  of  top 
stripping. 

a  See  cost  sheet,  table  No:  1. 
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Many  deposits  were  seen  now  worked  by  shoveliDK  into  sluices 
where  at  least  an  experimental  trial  of  this  method  is  to  be  recom- 
mended. One  of  the  strongest  points  in  its  favor  is  the  cheapness  of 
iDstallation  and  the  mobility  of  the  apparatus  used. 

STEAM  SCRAPERS. 

In  view  of  the  economical  showing  which  the  steam  scraper  has  made 
in  handling  tailings  from  the  creek-mining  operations  of  the  Klondike 
it  is  remarkable  that  so  few  at- 
tempts have  been  made  with  it 
to  scrape  the  allavium  from  its 
original  position.  The  ordinary 
scrapers  used  in  st«am-scraping 
operations  on  tailings  in  the 
Klondike  have  a  capacity  of  from 
one-third  to  one-half  cubic  yard, 
operated  by  double  drum,  2-cylin- 
der  hoist;  16-inch  drums,  25  to 
30  horsepower  capacity,  handling 
on  an  average  250  cubic  yards 
of  loose  material  in  twenty-four 
hours,  at  an  averse  expense  of 
49  cents  per  cubic  yard.  The 
manipulations  of  the  scraper,  con- 
sidered as  a  unit  of  the  plant,  take 
3  to  4  men  on  shift — a  Sreman,  a 
hoistman,  and  either  1  or  2  men  to 
fill,  guide,  and  dump  the  scrap- 
er. The  form  and  rigging  up  of 
the  scraper,  with  the  system  of 
sheaves,  pulling,  and  drawback 
cables,  is  shown  in  figs.  6  and  7. 
In  the  practice  seen  the  scrapers 
dr^  the  material  from  the  pit  to 
the  dump,  a  distance  measured 
horizontally  from  100  to  300  feet 
and  vertically  from  20  to  50  feet. 
The  scrapers  are  not  always  provided  with  teeth  like  the  one  shown 
in  the  figure,  but  this  is  advisable.  A  rigid  bale  should  never  bfl 
used,  as  flat  stones  catch  between  it  and  the  body  of  the  .-jcraper. 
The  plants  average  $3,500  in  cost. 

TherigshowninPI.  VI,  ^l{p.  02),  is  situated  on  Walker  Fork,  Forty- 
mile  district,  Alaska,  where  a  body  of  gi-avel  60  feet  in  width  and  5 
feet  in  depth,  with  little  or  no  stripping,  was  being  mined.  Accord- 
ing to  infoiimitioD  obtained  by  Mr.  L.  M.  Frindle  the  gravel  was  ocil^ 
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partially  free,  and  little  or  no  stripping  was  required.  As  a  rule  the 
scraper  was  found  to  clean  the  schist  bed  rock  satisfactorily.  The 
scraper  used  had  a  capacity  of  one-fifth  cubic  yard,  being  an  ordinary 
horse  scraper  rigged  for  steam  with  pulling  and  drawback  cables.  A 
6-horsepower  hoist  operated  the  scraper,  giving  a  capacity  of  100  cubic 
yards  in  twenty-four  hours.  The  10-horsepower  boiler  also  furnished 
steam  to  operate  the  bucket  elevator  which  lifted  the  gravel  to  the 
sluice  from  the  hopper,  to  which  it  was  dumped  by  the  stjraper.  A 
conservative  estimate  places  the  cost  of  handling  gravel  with  rig,  3 
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Fig.  7.— Set-up  of  ncraper.  Klondike. 

men  being  employed  and  one-half  cord  of  wood  burned  in  ten  hours, 
at  40  cents  per  cubic  yard.  The  operations  were  meeting  with  finan- 
cial success. 

The  plant  contains  the  elements  of  a  device  which,  it  is  not  unlikely, 
may  be  applied  to  the  working  of  the  wide,  shallow  creek  deposits  of 
Seward  Peninsula,' or  of  such  creeks  of  the  int<M-ior  as  Mammoth,  in 
the  Birch  Creek  district,  or  lower  Pedro,  in  tlie  Fairbanks  district. 
If  circumstances  warnuitod,  the  sheave  anchor  (a  rock-filled  crib) 
shown  in  PL  VI,  ^1,  could  be  made  more  easily  movable  l)y  mounting 
it  on  a  truck  running  on  track,  it  being;  made  fast  by  cable  and  dead- 
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man  when  occasion  might  require.  The  bucket  elevator  employed  is 
not  recommended,  as  the  use  of  such  contrivances  for  handling  gravel, 
unless  they  are  specially  and  expensively  constructed — as  on  large 
dredges — is  condemned  by  experience.  In  place  of  this,  the  scraper 
should  be  dragged  entirely  to  the  point  of  final  discharge  to  the  sluice 
on  an  inclined  platform.  The  operation  will  necessitate  the  building 
of  a  more  elevated  sluice  or  washing  plant,  surmounted  by  a  hopper, 
the  gravel  being  fed  from  this  in  order  that  the  feed  may  be  as  nearly 
continuous  as  possible.  Assuming  that  the  elevation  of  the  head  box 
of  the  sluice  shown  in  the  illustration  is  12  feet  above  the  surface  of 
the  ground,  the  scraper  could  be  dragged  to  double  this  elevation  at  a 
cost  not  exceeding  10  per  cent  above  that  necessary  to  haul  it  up  to 
the  12-foot  elevation.  One  of  the  t3^pes  of  washing  plants  described 
on  pages  193  et  seq.  would  be  applicable  with  modifications  to  a  steam 
scraping  plant. 

It  may  be  well  to  consider  here  the  reasons  why,  in  wide,  shallow 
creek  deposits,  steam  scraping  appears  to  be  preferable  to  other 
mechanical  methods.  In  general,  it  may  be  said  that  this  method  is 
applicable  to  operations  on  schist  bed  rock,  but  is  entirely  impracti- 
cable on  limestone  or  other  hard  bed  rock.  This  is  also  true  of  the 
steam-shovel  and  dredging  methods.  Grant  that  bed-rock  conditions 
are  suitable,  and  consider  a  solidly  frozen  deposit  of  characteristic 
small  gravel  with  muck  and  moss  overburden,  150  feet  width  of  pay 
and  7  feet  in  total  depth  from  grass  roots  to  bottom  of  pay.  After 
the  moss  is  plowed  up,  the  3  feet  depth  of  muck  can  be  ground  sluiced 
oS  in  the  ordinary  manner  at  an  expense  of,  say,  15  cents  per  cubic 
yard.  The  ground  sluicing  should  be  done  at  the  earliest  possible 
moment  in  the  open  season  or,  preferably,  late  in  the  fall.  The 
operator  now  has  to  deal  with  a  stripped  block  of  frozen  gravel  and 
auriferous  bed  rock  4  feet  in  depth,  carrying  pay,  or  the  material 
which  it  is  desired  to  sluice.  A  vertical  bank  of  this  material  can  not 
be  attacked  by  any  mechanical  appliance  j^et  devised,  but  if  left 
uncovered  for  six  weeks  it  will  thaw  to  bed  rock.  The  operator, 
however,  wishes  to  take  advantage  of  the  continual  thawing  of  the 
surface  b}-  the  sun,  and  to  do  this  he  must  attack  not  a  vertical  but 
a  horizontal  surface.  The  rate  of  natural  thawing  varies  from  6 
inches  to  1  foot  a  week.  The  scraper  armed  with  teeth  rigged  so  as 
to  make  a  series  of  transverse  cuts,  say  for  300  feet  lengthwise  of  the 
channel,  will  attack  the  ground,  scraping  oS  the  thawed  material 
better  than  an}-  other  mechanical  appliance. 

The  sluice  boxes  or  washing  plant  built  to  a  height  of  25  feet  above 
the  surface  of  the  ground  can  now  be  approached  by  a  broad  incline 
platform,  or,  if  desired,  the  scraper  may  dump  to  cars  which  convey 
the  material  b\^  gravity  to  an  isolated  and  conveniently  situated  wash- 
ing plant.     The  system  adopted  will  depend  on  the  magnitude  of  the 
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operations.  In  only  very  exceptional  cases  should  the  expense  of 
handling,  after  the  material  is  once  dumped  from  the  scraper,  be 
allowed  to  exceed  5  cents  to  the  cubic  yard. 

The  plant  above  suggested  implies  the  use  of  a  scraper  of  large 
capacity  and  should  handle  the  gravel  at  a  total  cost,  inchiding  depre- 
ciation charge  and  added  cost  of  stripping,  not  to  exceed  40  cents  per 
cubic  yard  in  Alaska,  provided  that  700  cubic  yards  of  gravel  a  da}^ 
are  sent  to  the  sluice.  In  order  to  accomplish  this  a  scraper,  prefera- 
bly of  the  bottomless,  self -dumping  type,  of  6  yards  theoretical  capac- 
ity, should  be  used.  It  will  bo  found  that  actually  3i  yards  will  bo 
delivered  each  time  by  such  a  scraper.  The  opemtions  will  require  a 
60-horsepower  boiler  and  double-drum  hoist,  and  the  services  of  seven 
men  on  a  shift.  The  total  runjiing  expense  of  the  plant  should  yt 
exceed  $150  a  day  of  24  hours. 

The  double-drum  hoist  operating  the  scraper  will  have  a  position  on 
the  side  of  the  sluice  opposite  that  of  the  cut,  and  can  be  mounted 
on  skids  so  that  it  can  be  easily  moved  by  means  of  a  sheave  and  dead- 
man  if  necessary.  The  sheave  through  which  the  drawback  cable  runs 
may  be  anchored  to  a  weighted  car  running  on  200  feet  of  track  laid 
parallel  with  the  cut  on  the  side  opposite  that  occupied  by  the  sluice 
and  hoist.  If  it  is  desired  to  keep  the  drawback  cable  out  of  the  way 
it  may  pass  through  two  sheaves,  one  anchored  to  traveling  anchor  and 
one  to  deadman,  the  cables  thus  forming  a  triangular  arrangement, 
two  of  whose  angles  will  vary  as  the  car  is  moved  to  cover  various 
parts  of  the  ground.  The  car  may  be  moved  as  often  as  desired,  and 
thus  one  furrow  after  another  may  be  made  hy  the  scraper  over  a  tri- 
angular area  as  the  ground  thaws.  By  means  of  a  rearrangement  of 
the  sheaves  it  is  found  that  nearly  all  of  the  ground  can  be  covered. 
A  plant  erected  for  the  Klamath  River  Gold  Mining  Company''  is  pro- 
vided with  two  li-yard  scrapers,  which  travel  back  and  forth  alter- 
nately, both  cables  acting  as  pulley  and  drawback  cables.  Two  sheaves 
are  used  on  the  side  of  the  excavation  opposite  to  the  washing  plant. 
"These  sheaves  are  attached  to  a  spreader  which  keeps  them  spaced  a 
given  distance  apart,  and  to  each  end  of  the  spreader  is  attached  a 
tackle  which  runs  back  at  an  angle  to  deadmen  to  which  they  are 
securely  anchored." 

The  type  of  bottomless  scraper  shown  in  fig.  8  (p.  65)  was  seen  in 
successful  operation  stripping  loam  at  a  reservoir  excjivation  near 
Portland,  Oreg.  It  has  a  theoretical  (^apacit}^  of  0  yards,  and  actually 
handles  a  little  over  half  this  amount.  Measurements  of  a  spoil  bank 
showed  that  in  seven  ten-hour  days,  stripping  to  4  feet  in  depth,  400 
cubic  yards  per  shift  had  been  handled.  The  scraper  was  making 
furrows  over  300  feet  in  length.     A  CO-horsepower  boiler  was  used, 

a  Veatman,  J.  A.,  Automatic  excavator  for  placer  miiiiiig:  Min.  and  St^i.  Press,  I>cc.  17, 1901. 
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but  only  one  uord  of  wood  at  $2  per  cord  was  burned.  The  double- 
drum  hoist  was  provided  with  10  by  12  inch  cylinders  and  was  geared 
6  to  1,  Four  men,  a  winchnmn,  a  Hreman,  and  two  scraper  men  were 
employed,  at  $2,50  a  day.  It  was  said  that  under  these  conditions 
the  operations  cost  6  cents  per  cubic  yard.  It  was  estimated  that  in  a 
haul  of  from  150  to  200  feet  the  semper  would  deliver  loam  to  the 
spoil  heap  at  the  rate  of  2  cubiu  yards  per  minute. 

The  above  suggestions  regarding  the  uae  of  self-dumping  scrapers 
in  northern  placer  mining  will  doubtless  be  looked  on  with  con.sid- 
eral)le  skepticism.  No  direct  application  of  the  method  has,  so  far 
as  known,  been  made  in  Ala.-^ka.  The  form  of  plant  outlined  is  inex- 
[)ensive  as  compared  with  many  already  installed  in  Alaska,  having  a 
capacity  not  exceeding  700  cubic  yards.  The  sum  of  $10,000  should 
l>c  ample  to  install  an  entire  scraper  and  washing  plant  in  Seward 
Pcninsida.     Even  should  some  form  of  steam  scraping  be  found  appli- 


Fiu  e  — Bottomlen  Bleam  Bcnpci 

cable  to  the  wider  .shallow  deposits,  the  installation  of  elaborate  cablc- 
witys,  traveling  towers,  and  the  like,  is  not  advisable,  us  in  most  cases 
their  cost  would  be  prohibitory. 

SELF-DUMPING  CARRIERS. 

The  conditions  in  the  Klondike  district  appear  to  have  necessitated 
the  adoption  of  this  expensive  method  of  placer  mining.  Outside  the 
Klondike  tield  the  method  was  not  seen  except  at  one  place  on  Masto- 
don Creek,  in  the  Birch  Creek  district.  The  method  is  adopted  to 
work  rit-h  gravels  where  conditions  do  not  permit  working  by  ordinary 
shallow  open-cut  methods,  and  where  drifting  is  impossible  or 
inadvisable. 

■  In  considering  the  economic  success  of  this  method,  a  study  of  the 
cost  sheet  given  in  this  report  (table  1,  p.  38),  is  most  instructive.  In 
the  first  place  the  avertige  depth  from  eight  Klondike  operations  con- 
sidered, namely  17.5  feet,  is  greater  than  that  economically  advisable 
Ban.  £ 
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(namely,  15  feet)  for  open-cut  operations  in  general.  The  operator 
adopts  this  method  because  there  are  thawed  streaks  and  channels 
in  his  deposit.  If  such  ground  is  drifted,  the  chances  are  that  he  will 
increase  his  expense  to  a  prohibitive  amount  through  excessive  tim- 
bering and  through  pumping  of  seepage  water,  whereas  by  the  open- 
cut  method  the  water  is  handled  by  drain.  The  cost  sheet  shows  that 
whereas  $2.14  is  the  average  cost  of  the  above-mentioned  8  operations 
in  the  Klondike,  7  drifting  operations  in  similar  deposits,  with  an 
average  depth  of  25.3  feet,  gave  an  average  cost  of  $1.95  per  cubic 
yard,  the  depth  of  the  pay  or  thickness  of  gravel  actually  sent  to  the 
sluice  being  almost  exactly  the  same  in  both  cases,  and  the  capacity  in 
the  drifting  being  only  17.5  cubic  yards  less  in  twenty -four  hours. 
Granting,  however,  that  in  a  given  deposit  carrying  $3  to  the  cubic 
yard  of  pay,  the  depth  being  16  feet,  drifting  is  impossible,  and  the 
rich  pay,  75  feet  in  width,  must  be  worked  by  open  cut.  Whatever 
method  be  adopted  the  moss  must  first  be  plowed  up  and  about  6  feet 
of  muck  ground  sluiced  off  at  a  cost  of  17  cents  per  cubic  yard.  Next 
6  feet  of  barren  gi'avel  or  sand  must  be  removed,  either  by  horse 
scrapers  at  60  cents  per  cubic  yard,  or,  if  the  plant  warrants  the  opei'a- 
tion,  by  steam  scraper  at  49  cents  per  cubic  yard.  The  4  feet  of  pay 
being  laid  bare,  what  method  shall  be  adopted  to  get  it  into  the  sluices? 
On  account  of  the  necessarily  short  life  of  the  operations,  a  plant 
whose  first  cost  exceeds  $5,000  is  out  of  the  question.  The  greatest 
expense  will  then  result  from  the  hand  shov^eling  in  the  pit.  The  get- 
ting of  the  material  into  the  receptacle  in  which  it  is  conveyed  to  the 
sluice  is  the  principal  item  of  expense  in  the  operation.  It  is  there- 
fore necessary  that  the  high-priced  shovelcrs  get  as  much  gravel  into 
the  wheelbarrows  or  buckets  as  possible.  The  bucket,  37  inches  square 
on  top,  35  inches  square  on  l>ottom,  and  25  inches  deep,  holding  two- 
thirds  of  a  cubic  yard,  is  dropped  into  a  crib  built  in  the  bottom  of 
the  pit,  to  which  the  shovelers  wheel  their  dirt  in  wheelbarrows. 
From  4  to  6  wheelbarrows  are  necessar}^  to  fill  the  bucket.  There 
is  no  mobility  to  the  bucket;  it  must  always  rise  and  fall  to  the 
same  spot.  Men  instead  of  occupying  all  their  time  in  shoveling  are 
employed  nearly  half  of  it  in  wheeling  and  dumping.  Five  operations 
are  necessary  to  get  the  gravel  from  the  bank  to  the  sluice,  namely, 
(1)  shoveling  into  wheelbarrows,  (2)  wheeling  to  bucket,  (3)  dumping 
to  bucket,  (4)  raising  bucket  to  carrier."  (5)  conveying  and  dumping  to 
sluice.     (See  PI.  VI,  B,) 

This  may  now  be  compared  with  the  derricking  system.  On  Pedro 
Creek,  Fairbanks  district,  an  oi^en  cut  15  feet  of  depth  with  9  feet  of 
pay  gravel  is  worked  by  derricking.  The  plant  has  a  ca|mcity  of  t^33 
cubic  yards  a  day,  which  is  handled  at  a  co.st  of  $1.75  per  cubic  yard. 
The  plant  costs  no  more  than  the  average  price  of  a  self-dumping- 

«The  Dawsou  sKflf-dumpIng  carrier  ami  its  use  is  described  under  the  heading  "  Drift  mining,"  i>.  t»i. 
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carrier  plant  of  daily  capacity  not  exceeding  20()  yards.  The  first  cost 
of  all,  including  a  SO-horsepower  boiler,  was  said  to  be  $4,500.  Here 
the  gravel  is  shoveled  into  buckets  holding  8  cubic  feet.  These  buck- 
ets are  trammed  on  small  trucks  running  on  wooden  ti*acks,  hooked 
onto  by  the  derric^k  cable  and  lifted  and  conveyed  at  same  time  to 
the  sluice.  The  derrick  l)oom  has  a  radias  of  reach  of  40  feet,  and  a 
much  smaller  proportion  of  time  is  consumed  by  the  shovelers  in 
trannning  than  when  the  fixed  bucket  on  cable  is  used.'*  The  expense 
was  increased  in  this  plant  by  the  necessity  of  continuiilly  thawing  with 
ii4  i)oints.  PI.  VII,  A  and  B  (p.  64),  shows  the  operation  of  the  der- 
ricking  plant. 

As  against  the  5  operations  of  the  cable  tram  system,  there  are 
only  »3  in  the  derricking  system  if  properly  handled.  The  proof 
that  the  derricking  system  is  superior  to  the  wheeling  and  cable 
tmm  system  is  evident  from  the  comparative  cost.  The  services  of  a 
man  at  the  dump  box  are  generally  necessary  in  all  cases  under  the 
present  sluicing  practice,  so  that  the  self -dumping  arningement  of  the 
bucket  helps  but  little. 

It  should  be  noted  that  the  Fairbanks  operator  was  working  under 
higher  prices  generally  than  the  Klondike  miners,  both  for  labor  (at 
If  10  a  day,  as  against  li>7.50  a  day)  and  for  geneml  supplies,  and  he  also 
had  an  excessive  amount  of  steam  thawing.  His  lower  cost  depended 
primarily  on  his  increased  capacity,  resulting  for  the  most  part  from 
the  increases!  duty  of  each  shoveler,  owing  to  the  expeditious  and 
adaptable  system  of  hoisting  and  conveying  afforded  by  the  derrick. 
A  derricking  system  in  use  on  Seward  Peninsula  will  ]>e  separately 
described. 

The  conclusion  is  that  while  the  cable  tram  system,  using  the  Daw- 
son carrier,  is  excellent  for  drifting  work,  it  is  not  to  be  reconnnended 
for  open-cut  work  where  it  is  possible  to  obtain  space  for  installing  a 
derrick. 

DERRICKING. 

The  plant  described  below  is  located  on  Ophir  Creek,  in  the  Council 
mining  district  of  Seward  Peninsula.  The  stream  has  been  turned 
aside  and  work  is  proceeding  in  the  old  bed.  The  distinctive  feature 
of  the  plant  is  the  use  of  derricks  in  overcoming  exceptional  difficulties 
encountered  in  the  character  of  the  deposit.  Hand  labor  is  used  in 
excavation,  while  transport  of  material  to  be  washed  and  disposal  of 
tailings  are  accomplished  by  derricks. 

The  pit  in  which  work  is  being  done  depends  for  its  shape  and  size 
upon  the  method  of  working  and  length  of  the  derrick  boom.  An 
area  of  80  feet  beyond  the  end  of  the  derrick  lK>om  is  worked.  A  pit, 
roughly  circular,  having  a  diameter  of  140  feet,  is  the  result,  since  the 

<i  See  alw  special  deacription  of  derricking,  pp.  67-71. 
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boom  reaches  approximately  40  feet  in  its  sweep,  and  the  buckets  are 
hauled  30  feet  from  the  bank.  Under  a  stratum  of  sand  and  soil, 
varying  from  4  to  5  feet  in  thickness,  the  gravel,  in  places  considerably 
mixed  with  sand  and  clay,  descends  to  bed  rock,  usually  30  feet  below 
the  surface.  The  gravel  is  entirely  unfrozen,  rounded,  and  for  the 
most  part  small,  not  over  10  per  cent  exceeding  6  inches  in  diameter, 
while  no  bowlders  are  found  above  18  inches.  Bed  rock  is  a  massive 
limestone,  extremel}'  irregular  in  its  position,  and  causes  the  greatest 
diflBculty  in  the  extraction  of  much  of  the  gold,  though  this  same  feature 
must  have  played  an  important  part  in  the  enrichment  of  the  claim.  (See 
PI.  VIII,  A^  p.  66.)  In  places  deep  holes  have  been  made  by  action  of 
water,  and  the  depth  to  which  work  is  carried  in  the  recovery  of  the 
gold  depends  entirely  upon  the  economy  with  which  it  is  extracted. 
There  is  no  doubt  that  much  gold  remains  below,  to  obtain  which 
would  not  be  profitable  under  present  conditions. 

Kxcavation  is  accomplished  entirely  by  pick,  the  gravel  l>eing  shov- 
eled into  the  derrick  buckets.  These  buckets  are  hauled  by  the  der- 
rick line,  guided  by  hand,  upon  wooden  skids  (see  PI.  VIII,  A\  to  a 
point  directly  beneath  the  end  of  the  boom,  where  they  are  hoisted 
and  carried  to  the  dump  box. 

The  buckets  are  of  11  cubic  feet  capacity,  and  are  so  practical  as  to 
warrant  detailed  description.  They  are  made  of  cnide  oil  drums  or 
gasoline  bmks,  cut  to  a  height  of  2  feet  8  inches,  and  are  2  feet  5 
in'clies  across  the  top.  (See  PI.  VIII,  B.)  Two  lugs  to  hold  the 
bale  are  set  opposite  each  other  one-fourth  distance  up  from  the  bot- 
tom. The  bale  is  made  from  the  original  hoops  of  the  drum.  The 
bottom  edge  is  strengthened  by  the  original  flange  of  the  tank,  while 
on  the  upper  edge  has  been  riveted  the  flange  originally  at  the  top  of 
the  tank.  The  bale  is  supplied  with  a  catch  which,  when  the  bucket 
is  traveling,  rests  in  a  notch  constructed  on  its  edge,  which  holds  the 
bu<'ket  in  an  upright  position.  On  reaching  the  dump  box,  a  man  on 
the  platform  with  his  shovel  frees  the  catch,  and  the  bucket  dumps 
in  turning  bottom  upward.  (See  PI.  IX,  ^1.)  In  fitting  the  lugs  hold- 
ing the  bale,  a  piece  of  iron  9  inches  square  is  riveted  to  the  inside  of 
the  material  composing  the  drum,  which  is  one-eighth  of  an  inch  thick. 
To  the  outside  of  the  drum  a  strip  9  inches  long,  ^2>^  inches  wide,  and 
one-half  inch  thick  is  also  riveted,  and  to  this  the  lug  (2  inches  long)  is 
welded,  making  a  very  strong  construction.  These  buckets  weigh  140 
pounds  and,  including  labor,  blacksmith  fuel,  and  original  price  of 
drum,  cost  about  $^5. 

The  skids  upon  which  the  buckets  are  hauled  are  ordinary  smoothed 
timbers,  and  are  not  fastened  down.  This  admits  of  rapid  change  in 
accommodating  the  hauls  to  the  advancing  work.  It  is  desirable  to 
have  these  timbers  as  much  as  possible  in  a  mdius  of  the  circle 
described  by  the  derrick,  as  this  gives  a  straight  haul  on  the  boom. 
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The  derrick  in  use  at  this  plant  is  of  a  very  simple  and  practical 
design,  there  being  but  one  haulage  line,  which  with  gravity  utilized 
in  the  lean  of  the  derrick  accomplishes  the  desired  work.  The  derrick 
leans  toward  the  pit  in  which  excavation  is  taking  place — i.  e.,  when 
at  rest  the  boom  swings  away  from  the  hoisting  engine.  (See  PI. 
X.)  The  hauling  line  passes  through  a  block  at  the  foot  of  the  mast 
and  a  few  feet  in  front  of  it,  or  toward  the  direction  of  haul.  In  this 
position  immediately  upon  receiving  a  hauling  stmin  the  boom  tends 
to  move  toward  the  dump  box,  and  once  there,  having  disposed  of  its 
load,  returns  b}'  gravity  to  the  pit.  To  the  end  of  the  boom  is  attached 
a  rope  by  whii^h  a  man  in  the  pit  giving  his  entire  attention  to  this 
operation  can  regulate  the  swing  of  the  boom  to  a  nicety.  By  snub- 
bing this  line  about  a  post  set  firmly  in  the  ground,  hauls  can  be  made 
in  any  direction  with  no  inconvenience  from  the  swinging  of  the  boom, 
and  the  dumping  of  the  load  on  the  platform  can  be  accurately 
adjusted.  The  derrick  on  an  average  lift  raises  material  about  25  feet 
and  carries  it  approximately  85  feet  to  the  sluices.  The  amount  of 
material  handled  is  generally  500  cubic  yards  in  twenty-two  hours. 
Power  is  obtained  from  a  15-horsepower  boiler  and  8-horsepower 
double  engine  hoist,  which  burns  one-half  cord  of  wood  in  twenty- 
four  hours  at  $15  a  cord.  The  derricks  are  of  Washington  fir,  both 
boom  and  mast  being  40  feet  long.  The  hauling  line,  one-half  inch 
in  diameter,  is  of  crucible  steel  wire,  plow-share  steel  not  bending 
easily  enough,  and  the  guy  lines,  three-eighths  inch  in  diameter,  also 
of  steel,  are  tightened  })y  watch  ta(;kles. 

Stones  over  12  inches  in  diameter  are  not  sent  through  the  sluices, 
being  piled  by  hand  in  the  center  of  the  pit.  Larger  stones  and 
bowlders  of  bed  rock  are  handled  by  the  derrick  and  piled  in  the  same 
manner.  (See  PI.  IX,  B^  p.  (58.)  The  removal,  however,  of  stones 
exceeding  2  tons  in  weight  is  not  attempted  with  the  derrick.  A 
move  is  necessary  each  thirty  days,  and  in  advancing  the  entire  plant 
approximately  110  feet  eighteen  hours  are  generally  consumed.  An 
auxiliary  flume  and  dump  lx)x  must  of  necessity  be  used  to  [permit 
such  rapid  change. 

The  dump  box,  which  is  furnished  with  a  platform  sufficiently  large 
to  prevent  spilling  of  material,  is  from  6  to  12  feet  above  the  ground. 
It  is  16  feet  long  and  has  a  grade  of  14  inches.  Below  it  are  132  feet 
of  boxes,  20  inches  deep  and  16  inches  wide,  with  a  grade  of  7  inches 
to  the  box  length  (12  feet).  These  are  furnished  with  pole  riffles 
made  2  inches  square,  capped  with  iron,  and  will  last  two  seasons. 
At  the  end  of  the  string  is  a  very  efficient  undercurrent,  invented  on 
the  ground.  It  consists  of  an  ordinary  sluice  l)ox  furnished  with  iron 
bars  approximately  three-eighths  or  one-half  of  an  inch  in  diameter, 
ruiming  lengthwise  with  the  box  and  placed  side  by  side,  lieneath 
the^e  bars,  held  by  Hungarian  riffles,  is  a  quantity  of  quicksilver, 


70  GRAVEL    AND    PLACKR   MINING    IN    ALASKA.  [bull.  263. 

which  catches  any  gold  that  may  have  parsed  the  preceding  string. 
Such  an  arrangement,  though  of  considemble  use  when  gold  is  gener- 
ally coarse,  will  not  serve  when  fine  gold  is  encountered.  An  under- 
current of  greater  surficial  area  and  greater  grade,  carrying  the  water 
in  a  thin  sheet,  would  then  be  demanded. 

In  washing  the  gravel  150  miner's  inches  are  used.  The  water  is 
brought  from  Ophir  Creek  in  a  ditch  li  miles  long.  It  is  6  feet  on 
the  l)ottom,  9  feet  on  top,  and  has  a  grade  of  one-tenth  inch  to  100 
feet.     It  cost  $8,000. 

Tailings  are  handled  by  a  derrick  and  a  self-dumping  scraper. 
Power  is  supplied  to  the  latter  by  hauling  directly  from  the  derrick 
boom,  and  its  operation  is  directed  by  two  men.  In  this  case  the  der- 
rick leans  toward  the  dump  pile,  to  which  it  carries  its  load  by  gravity, 
being  hauled  back  by  the  steam  winch.  To  the  scraper  is  attached  a 
rope  which,  on  tightening  as  the  derrick  swings,  dumps  the  load  at  its 
destination.  (See  PI.  X.)  Both  the  derrick  boom  and  mast  are  40 
feet  long  and  are  arranged  like  the  excavation  derrick,  except  that 
the  mast  leans  in  the  opposite  direction.  A  15-horsepower  boiler  and 
8-horsepower  winch  are  used,  and  there  are  three  men  on  each  shift. 
The  tailings  derrick  is  not  occupied  more  than  one-fourth  the  working 
time  of  the  pit  derrick. 

In  all  from  55  to  60  men  are  employed  about  the  plant.  A  man  is 
continually  needed  at  the  mud  box  to  trip  the  bucket  and  to  feed  the 
gravel  as  regularly  as  possible  to  the  sluices  from  the  platform.  A 
winch  man  is  needed  at  each  derrick.  A  man  in  the  pit  devotes  his 
entire  attention  to  the  snubbing  line,  while  two  men  are  necessary  on 
the  semper.  The  latter  feature  could  possibl}^  be  improved  by  some 
mechanical  method  not  requiring  the  hand  labor.  Wages  are  50  cents 
an  hour,  with  board,  and  work  is  continued  eleven  hours  each  shift. 

Besides  the  derrick  plant  above  described  another,  seen  on  Ophir 
Creek,  made  use  of  iron  skips  of  li  cubic  3^ard  capacity,  which  were 
run  on  trucks  to  the  working  face  and,  after  loading,  were  trammed 
within  reach  of  the  derrick  and  lifted  to  the  sluice.  As  nearlv  as 
could  be  learned,  while  the  capacity  of  this  plant  was  from  15  to  20 
per  cent  higher  than  the  one  previousl}^  described  the  work  was  not 
being  done  so  cheaply.  In  the  last  case  it  was  necessary  to  pump  the 
seepage  water  from  the  pit,  while  in  the  first  cuse  all  seepage  water 
was  naturall}^  disposed  of  by  draining  into  the  peculiar  cavernous 
limestone  bed  rock.  In  derricking  plants  in  general,  large  rather 
than  small  buckets  or  skips  are  to  be  recommended,  but  the  various 
elements  of  the  plant  should  be  so  coordinated  that  the  capacity  of 
the  derrick  is  not  above  that  of  the  shoveling  and  tramming  or  of  the 
sluice. 

The  derricking  plant  seen  on  Pedro  Creek,  in  the  Fairbanks  district, 
has  been  described  in  connection  with  the  method  of  using-  the  cable 
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tram  and  self -dumping  bucket  in  open-cut  work.     Its  efficiency  was 

found  to  be  high  and  its  cost  low  in  comparison  with  this  well-known 

Klondike  method.     In  general  it 

may  be  said  that  derricking  is  a 

simple,  efficient,  adaptable,  and 

compamtively  cheap  method  of 

working  open  cuts  whore  gravel 

must  be  shoveled  into  the  first 

receptacle  by  hand  and  the  bed 

rock  cleaned  by  men. 

TRACKS  AND  INCLINES. 

The  track  and  incline  working 
at  No.  8,  Anvil  Creek,  Nome  dis- 
trict, IS  fairl}'^  representative  of 
open-cut  work  by  this  system. 
(See  tig.  9.)  A  special  feature  of 
the  plant,  however,  is  the  removal 
of  the  overburden,  in  all  7  feet 
of  muck  and  5  feet  of  barren 
gravel,  by  hydraulicking.  Seven 
hundred  miner's  inches  are  used 
through  a  giant,  under  a  pressure 
of  200  feet  obtained  by  pumping. 
After  the  barren  ground  has  been 
removed  the  remaining  gravel, 
averaging  about  6  feet  in  depth, 
is  shoveled  into  cars,  pushed  to 
the  foot  of  an  incline,  elevated, 
and  washed.  The  tailings  are 
impounded  on  the  claim,  being 
scraped  from  the  end  of  the 
sluices  b}^  2-hor8e  scrapers. 

At  the  time  of  observation  6 
cars  were  in  use,  though  this 
number  can  be  varied'to  suit  the 
conditions  in  hand.  Two  men 
are  employed  with  each  car. 
They  take  turns  in  shoving  the 
car  to  the  incline,  one  remaining 
at  the  bank  with  pick.  The  cars 
at  this  plant  were  of  a  capacity 
of  22i  cubic  feet,  though  larger 
ones  might  be  found  more  eco- 
nomical.    From  250  to  300  cars  are  run  up  each  10-hour  shift. 

The  material  is  lifted  30  feet  to  t\ie  mud  \>o^  ^aA  XJftKt^  $iL>axsx^^\s^ 
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hand.  A  man  is  continually  employed  for  this  duty.  He  also  watches 
large  bowlders  and  prevents  jamming  in  the  flume.  However,  very 
few  large  stones  are  allowed  to  pass  through,  for  in  the  work  of  exca- 
vation the  larger  rocks  are  piled  at  one  side  of  the  track. 

One  man  is  employed  at  the  hoisting  winch  and  does  his  own  firing. 
Three  114-pound  sacks  of  coal  are  consumed  each  shift.  A  15-horse- 
power  boiler  is  used  with  vertical  engine,  and  a  five-eighths  inch  cable 
hauls  the  cars. 

The  dump  box  is  24  feet  long,  4  feet  wide,  and  3  feet  high,  and  has 
a  grade  of  1  inch  to  1  foot.  Following  this  are  240  feet  of  boxes  with 
a  grade  of  three-fourth  inches  to  1  foot.  The  boxes  are  16  inches 
wide  and  14  inches  high,  and  are  supplied  with  cast-iron  grate  riffles. 
These  are  16  inches  square  and  can  be  used  either  as  Hungarian  or 
longitudinal  riffles.  In  washing,  125  miner's  inches  are  used,  all 
obtained  by  gravity  from  a  claim  above.  After  being  used  the  water 
is  caught  in  a  retaining  dam,  settled,  and  carrried  by  flume  to  a  lower 
claim,  where  it  is  sold.  Two  2:horse  scrapers  are  used  to  keep  tail- 
ings clear,  and  all  gravel  is  impounded  by  a  brush  dam  upon  the  claim. 

A  little  gold  is  caught  in  the  entire  string,  though  by  far  the  greater 
proportion  is  retained  in  the  mud  box  and  that  following.  In  the 
mud  box  a  perforated  iron  sheet  laid  over  the  riffles  aids  the  moving 
of  material  and  prevents  clogging.  In  the  center  of  this  sheet  is 
placed  a  heavy  iron  plate  which  receives  the  heavy  fall  from  the  cars 
and  saves  the  bottom  of  the  nuid  box. 

Bed  rock  on  this  claim  is  mica-schist,  though  in  places  the  pay  is 
underlain  by  a  stiff  clay.     The  gold  sinks  in  the  broken  schist  a])out 
.  2  feet,  but  not  at  all  in  the  clay. 

A  bed-rock  drain,  250  feet  long,  has  been  cut  nearly  level,  which  is 
joined  by  small  drains  from  various  parts  of  the  pit.  Only  about  15 
miners  inches  of  water  were  running  from  the  drain  at  the  time  of 
observation.     Men  are  paid  $5  a  day,  with  board. 

*  The  advantages  of  the  car-and-incline  system  are  not  especially 
pronounced.  The  method  of  stripping  used  in  the  above-doscril>ed 
plant,  or  at  any  plant  where  water  under  pressure  is  available  can 
hardly  be  improved  upon.  Where  the  overburden  is  thawed  or  where 
frost  is  encountered  only  in  spots,  as  in  the  claim  under  discussion, 
hydraulicking  has  been  found  the  most  economical  and  eflicient  means 
of  removing  material.  The  car  system,  however,  has  little  of  solid 
economic  advantage  to  recommend  it.  In  order  to  increase  capacity 
more  men  nmst  be  employed  to  shovel.  In  this  system  an  undue 
proportion  of  time  is  consumed  in  tramming  the  cai's  to  the  top  of  the 
incline.  A  mechanical  system,  such  as  derricking  or  steam  scraping, 
has  many  advantages  over  the  track-and-incline.  In  tin*  Klondike,  so 
far  as  could  be  learned,  the  track-and-incline  system  does  not  make  so 
economical  a  showing  as  other  methods  of  working  open  cut,  although 
the  opportunity  for  comparison  of  officvewcy  >Na^  WwvvV^A. 
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THE   STEAM   SHOVEL. 

Where  the  ground  exceeds  12  feet  in  depth  and  is  unfrozen,  certain 
conditions  justify  the  installation  of  a  mechanical  excavator  of  large 
capacity,  say  1,000  cubic  yards  or  more  in  twenty-four  hours.  It  will 
seldom  be  found  advisable  to  install  so  large  and  so  cumbersome  a 
machine  as  the  steam  shovel  in  the  creek  diggings  of  Alaska,  for  the 
ground  is  rarely  deep  enough  to  justify  the  expense  of  installation. 
On  bench  diggings,  however,  where  the  pit  can  be  drained  by  gmvity, 
the  steam  shovel  has  a  value  which  has  probably  been  underestimated. 
The  fact  that  water  under  pressure  is  difficult  or  impossible  to  obtain 
for  the  hydraulicking  of  })enches  raises  the  question  whether  these 
bench  gravels  can  not  be  excavated  by  other  means.  The  value  of  the 
ste^m  shovel  lies  in  the  fact  that  it  performs  for  the  earth  worker  that 
portion  of  his  work  which  would  otherwise  be  most  expensive. 

The  ground  which  the  shovel  is  to  move  must  possess  certain 
favorable  conditions.  In  the  first  place,  it  must  be  entirely  free  from 
permanent  frost  when  the  dipper  lip  of  the  excavator  attacks  it.  If 
the  ground  holds  a  certain  amount  of  permanent  frost  and  this  can  be 
thawed  b}^  ground-sluicing  the  muck  off  at  a  period  far  enough  ahead, 
the  shovel  may  still  have  a  profitable  field,  but  its  operations  are  likely 
to  be  more  expensive.  Heavy  gravel  and  bowlders  are  easily  handled 
by  the  mechanical  excavator.  It  is  safe  to  say  that  no  quality  or  state 
of  the  Alaska  gravels  makes  them  unfit  to  be  dug  by  the  dipper  except 
the  frozen  condition. 

The  bed  roi'k  must  be  of  sufficient  softness  to  allow  the  dipper 
lip  to  dig  far  enough  into  it  to  recover  all  the  gold;  otherwise  a 
gang  of  men  will  have  to  follow  the  shovel  to  clean  bed  rock,  and  a 
large  part  of  the  value  of  the  shovel  will  Iw  lost.  In  one  attempt  to 
operate  with  a  steam  shovel  in  the  interior  of  Alaska  it  was  found 
that  as  many  men  had  to  be  employed  in  cleaning  the  bed  rock  as  in 
the  entire  remainder  of  the  plant. 

A  prime  essential  to  success,  as  has  ])een  proved  by  experience,  is 
that  the  washing  plant  shall  be  isolated,  the  gravel  being  conveyed 
from  the  dipper  to  the  i^luice  by  some  form  of  tramming.  If  cars  are 
used,  they  should  be  large — 2  yards  capacity,  or  even  larger.  Under 
ideal  conditions  the  dipper  will  dump  into  cars  which  run  by  gravity 
to  the  hopper  of  the  washing  plant,  the  water  being  brought  to  the 
sluice  also  by  gravity.  The  full  cars  would  in  this  case  carry  the 
empties  back  to  the  pit.  It  is  rarely  possible,  however,  to  find  an 
auriferous  gravel  deposit  in  which  such  eminently  fit  conditions  exist 
for  work.  The  tramming,  even  when  it  must  be  up  an  incline  to  a 
height  of  35  feet  alx)ve  the  pit  floor,  adds  proportionately  little  to  the 
expense,  as  will  be  seen  by  figures  following.  It  is  a  common  fault  in 
all  steam-shovel  operations  that  the  shovel  is  ahead  of  the  car  discharge. 
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A  partly  idle  steam  shovel,  however,  is  not  so  serious  a  fault  as  idle 
men,  since  the  shovel  draws  no  pay. 

As  to  capacity,  it  is  likely  that  a  2-yard  shovel,  fitted  with  extra 
long  boom  and  li-yard  dipper,  will  be  found  most  economical.  A  25- 
foot  bank  ciin  be  dug  and  caved.  If  the  sluice  and  tramming  capacity''  is 
700  cubic  yards  a  day,  the  shovel  will  easily  supply  the  material  if  no 
frost  is  encountered. 

PI.  XI,  A,  shows  one  of  the  steam  shovel  plants  in  Alaska,  oper- 
ating on  Anvil  Creek.  The  work  done  by  this  shovel  is  considered 
satisfactory,  though  its  iastallation  is  experimental,  and  a  larger  one 
is  planned.  It  supplanted  a  hydraulic-elevator  system  which  was 
condenmed.  The  25-ton  shovel  (three-fourths-yard  dipper)  is  working 
on  an  18-foot  face.  It  has  not  reached  the  bottom  of  the  gravel,  and 
must  make  another  cut  7  feet  lower  vertically  l)efore  all  the  pay  is 
extracted.  It  is  said  that  from  July  23  to  September  1,  1904,  25,000 
cars  of  li  cubic  yards  capacity  were  dug  and  moved  to  the  sluice 
boxes  at  a  working  cost  of  12  cents  a  yard.  The  low  bench  is  suffi- 
ciently above  the  level  of  the  present  creek  to  permit  the  pit  to  be 
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Fig.  10.— Plan  of  8team-.shovel  oiHjrations,  Anvil  Crfek. 

di-aincd,  the  seepage  water  being  handled  by  bed-rock  drain.  The 
workings  were  visited  a  second  time  three  weeks  after  the  present  cut 
was  made.     A  complete  section  ot  the  bank  to  bed  rock  is  given  below: 

Feet. 

Muck 3 

Fine  gravel  and  sand 5 

Fine  subangular  gravel 5 

Large  Bubangular  schist  and  limestone  fragments,  stained  with  iron  oxide,  with 
a  few  bowlders  up  to  3  feet  in  diameter 15 

The  upper  3  feet  of  muck  was  ground-sluiced;  the  remainder  was 
moved  bv  the  steam  shovel. 

This  frozen  ground  illusti'ates  the  peculiarly  trying  conditions  with 
which  the  Alaska  placer  miner  has  frequently  to  deal.  None  of  the 
ground  encountered  in  1904  was  frozen.  In  the  early  part  of  the 
season  of  1903,  however,  on  account  of  the  ligiit  snowfall  during  the 
preceding  winter,  the  sides  of  a  cut  operated  on  were  frozen  to  a  depth 
of  S  feet  and  to  a  distance  of  15  feet  into  the  bank.     This  was  annual 
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and  not  permanent  frost.  Had  the  attempt  been  made  to  work  the 
ground  at  that  time  with  the  shovel  the  operations  would  have  been 
greatly  delayed.  In  PL  XI,  J.,  one  of  the  frequent  defects  of  the 
steam-shovel  system  is  apparent — the  shovel  idle  and  waiting  for  cars. 
In  this  plant,  after  the  shovel  had  worked  to  a  considerable  distance 
from  the  bottom  of  the  incline,  the  li-yard  cars,  3  in  number,  were 
trammed  to  the  bottom  of  the  incline  by  horses  and  hoisted  to  sluice 
by  a  15-horsepower  hoist.  The  tramming  may  be  more  cheaply 
accomplished,  where  there  are  several  years'  work  ahead,  by  a  small 
locomotive  in  the  pit  running  to  the  bottom  of  the  incline  or,  under 
favorable  conditions,  directly  to  the  washing  plant.  Fig.  10  shows  a 
plan  of  the  operation  under  discussion. 

The  tramming  system  illustrated  by  fig.  11,  used  at  Galcsburg,  111., 
in  one  of  the  shale  pits  of  the  Purington  Paving  Brick  Company,  is 
considered   highly  economical    in   steam-shovel   work.     As    may  be 
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Fio.  U.— Plan  of  Bteam-shovel  operations,  Qalesbuisr,  111. 

seen,  the  locomotive  occupies  a  position  intermediate  l>etween  the 
two  trains  of  cars,  which  deliver  two  ways  to  the  bottom  of  two 
inclines  leading  to  the  hoppers  of  the  clay  machines  at  each  end 
of  the  pit.  In  placer  operations,  if  conditions  admit  of  dividing 
the  water  to  two  washing  plants,  this  system  is  to  be  recom- 
mended, as  it  allows  of  rapid  delivery  of  the  cars  from  the  shovel. 
In  this  plant  the  locomotive  keeps  20  cars  going,  each  of  2 
yards  capacity,  tramming  them  alternately,  in  trams  of  6  and  4, 
two  ways  to  the  ends  of  the  pit,  whence  they  are  hauled,  two  at  a 
time,  to  the  hoppers.  When  empty  they  run  down  and  are  switched 
automatically  to  the  empty  tracks.  The  90-ton  shovel,  of  5-yard  dip- 
per capacity  but  fitted  with  2-yard  dipper,  is  ahead  of  the  capacity  of 
the  clay  machines,  but  must  be  used  owing  to  the  difficulty  of  digging 
the  firm  shale  which  composes  the  bank.  The  actual  yardage  moved, 
working  nine  hours  a  day,  is  670,  or  at  the  rate  of  1,488  yards  in 
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twenty  hours.  It  is  estimated  that  this  is  less  than  one-half  the  amount 
that  could  be  handled  were  the  shovel  digging  loose  gravel.  As  it 
now  works,  the  shovel  is  digging  only  one-third  the  time. 

For  moving  up  the  cars  within  reach  of  the  dipper  as  each  one  is 
filled  the  device  shown  in  fig.  12  is  used.  This  was  devised  by  Mr. 
W.  S.  Purington,  and  has  been  in  successful  use  at  this  plant  for  five 
years.  The  long  cylinder,  made  with  casting  t^  atta(*h  to  the  shovel, 
here  shown  on  the  near  side,  contains  a  piston  of  equal  length,  which 
is  supported  on  suspended  track  and  wheel  as  it  leaves  the  end  of  the 
cylinder.  To  the  near  end  of  the  piston  a  cable  passing  over  a  sheave 
is  attached.  The  other  end  of  the  cable  is  hooked  to  the  comer  of 
the  gmvel  car,  steam  is  turned  into  the  near  end  of  the  cylinder,  and 
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Fi<*.  12.— PuUlng-up  device  for  Kteam  nhovel. 

as  the  piston  travels  back  toward  the  forward  end  of  the  shovel'car 
the  gravel  car  is  hauled  by  the  cable  an  equal  distance,  from  5  to  7 
feet,  as  may  be  required.  Steam  is  tiien  turned  into  the  cylinder, 
allowing  the  piston  to  return  and  the  cable  to  free  itself;  the  cable  is 
unhooked  and  pulled  by  the  car  man  to  the  following  car  and  hooked 
in  readiness  to  pull  it  along.  The  amount  of  steam  and  the  time  con- 
sumed in  the  operation  are  so  small  as  to  be  almost  negligible.  1^3" 
passing  the  cable  around  the  body  of  the  shovel  car  over  a  second 
sheave  the  cars  on  the  opposite  side  of  the  shovel  can  be  moved,  when 
the  relative  position  of  the  shovel  is  reversed. 

I)ipi)er  chains  are  generally  preferable  tx)  cables  in  placer  opera- 
tions, as  illustmted  by  the  experience  of  the  shovel  dredge  in  Solomon 
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River,  elsewhere  described.  A  link  in  a  chain  can  ])e  repaired  where 
a  wire  cable  can  not. 

The  moving  of  the  shovel  as  the  digging  progresses  must  he 
brought  down  to  the  most  economical  and  rapid  system  possible.  In 
the  Galesburg  operations  wooden  skids  of  6-inch  timber,  3  by  3  inches 
in  dimensions,  arc  hung  from  the  jack  frames  by  chains,  and  thus 
require  no  attention  when  the  shovel  is  moved  up.  On  these  skids 
rest  6-inch  blocks,  2  by  2  feet,  on  which  the  jack  shoes  bear. 

In  the  Anvil  Creek  plant  the  present  arrangement  for  dumping  the 
cars  at  the  sluice  is  unsatisfactory,  and  will  be  changed.  Self -tripping 
two-wa}^  dumping  cars  will  be  substituted  for  the  man  who  trips  the 
cars.  The  sluice  presents  no  new  features.  It  is  500  feet  long  by  32 
inches  wide,  by  36  inches  high  at  the  dump  box,  and  narrows  to  26 
inches  wide  by  24  inches  high,  in  10-inch  grade,  and  is  furnished  with 
angle  iron  riffles.  The  cost  of  digging,  tramming,  and  dumping  the 
gravel  to  sluice  is  said  to  be  12  cents  per  cubic  yard. 

The  cost  of  steam-shovel  operations  in  Alaska  is  not  evident  from 
tiie  cost  sheet  (table  1,  p.  38),  as  the  figures  there  given  cover  the  sluic- 
ing, often  with  purchased  water,  stripping,  amortization,  etc.  In  the 
Anvil  Crec^k  operation  the  actual  working  cost  of  digging  the  gravel, 
tramming  and  hoisting,  and  tripping  the  cars  to  the  sluice  box  is  given 
below,  as  estimated  by  the  superintendent,  the  figures  covering  810 
yards  in  twenty-four  hours,  and  including  superintendence  on  the 
ground,  labor,  crude  oil  fuel  at  $3  a  barrel,  lubricants,  etc. 

(Jost  of  steam-shovel  ivork  at  An  til  Creeks  Alaska  ^  per  aibic  yard. 

Digging $0,045 

Tramming  to  incline . 025 

IIoiHting 018 

Dumping Oil 

Proportionate  superintendence  on  ground,  and  incidentals 021 

Cost  per  cubic  yard 120 

Figures  showing  the  cost  at  the  Galesburg  plant,  above  referred  to, 
are  available  in  detail,  for  handling  17,422  cubic  yards  of  shale  per 
month  of  26  nine-hour  days,  digging  from  60-foot  bank  with  a  shovel 
fitted  with  2-yard  dipper,  delivering  to  20  two-yard  cars  trammed  2 
ways,  1,500  and  2,000  feet,  respectively,  to  bottom  of  2  inclines, 
hoisted  by  cable  to  hoppers  at  elevation  of  20  feet  above  the  track  and 
dumped  to  hoppei*s. 

Cost  per  month  of  steam-shovel  u^rk  at  Galesburg ,  III, 

1  engineer,  shovel $110. 00 

1  crane  man 85. 00 

1  fireman,  at  22J  cenUn  per  hour 52. 65 

3  trackmen,  17i  cents  |>er  hour  (shovel ) 128. 85 

1  locomotive  engineer 80.  QQ 
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Cost  per  month  of  steam-shovel  work  at  Galeshurg^  III. — Contlnaed. 

1  switchman,  at  20  cents  per  hour $46. 80 

2  hoist  men,  at  20  cents  per  hour  (hoist  men  dump  the  care) 93. 60 

li  tons  coal  for  shovel,  at  $2 78. 00 

J  ton  coal  for  loc!omotive 26. 00 

1  ton  coal  for  2  hoists 52.00 

Total 752.90 

Cost  j)er  cubic  yard 0432 

Charges  for  superintendence,  oil,  waste,  and  incidentals  arc  omitted 
from  the  above.  Including  these  the  cost  is  practically  5  cents  a  yard. 
The  comparison  l)elow,  however,  is  based  on  the  figure  of  ^50.0432. 

If  two  of  the  trackmen  be  charged  to  the  shovel,  the  digging  opera- 
tion and  transfer  from  bank  to  car  costs  $().0236,  or  54.6  per  cent 
of  the  operation  considered.  In  other  words,  th^  diggi^^g  here  costs 
little  more  than  the  long  tram,  hoisting,  and  dumping,  and  thus 
the  object  of  using  mechanical  appliances  is  attained.  A  striking 
cx>mparison  is  afforded  by  the  cost  of  operating  a  placer  which  uses 
the  car-and-incline  system  and  the  labor  of  men  to  fill  the  cars.  If 
the  duty  of  a  man  shoveling  gravel  into  a  car  is  taken  at  12  cubic 
yards  in  nine  hours,  and  the  men  are  paid  the  lowest  w^age  given  in 
the  abov^  tables,  namely  $42.85  per  month,  56  men,  say,  would  be 
employed  filling  the  cars,  and  the  monthly  cost  would  be  $2,305,  or 
$0,132  per  cubic  yard,  5.6  times  as  great  as  that  with  the  shovel,  or 
84.8  per  cent  of  the  entire  operation  considered.  In  Alaska  where 
wages  for  shovelers  are  from  four  to  six  times  as  great,  the  percent- 
age of  cost  would  be  much  greater. 

Although  the  cost  of  12  cents  on  Anvil  Creek  appears  attractively 
low,  it  nuist  be  remembered  that  it  does  not  take  into  account  the 
labor  of  shovelers  cleaning  l)ed  rock  after  the  shovel.  This  opera- 
tion, unfortunately,  can  rarely  be  dispensed  with,  at  least  in  por- 
tions of  the  ground,  and  it  will  naturally  increase  the  cost  of 
getting  the  auriferous  material  into  the  cars.  In  some  places  in 
Alaska  the  slabs  and  leaves  of  bed  rock  must  be  scraped  with 
brooms  in  order  to  recover  all  the  gold.  The  prospective  steam- 
shovel  miner  should  keep  in  mind  the  fact  that  a  machine  which  will 
handle  a  large  quantity  of  material,  however  cheaply,  is  of  no  avail 
unless  it  can  succeed  in  extracting  a  large  percentage  of  the  values. 

The  steam-shovel  plant  at  the  junction  of  Bear  Creek  and  Klon- 
dike River  occupies  the  flood  plain  of  the  latter  stream,  a  fact  that 
influences  greatly  the  economical  excavation  and  disposal  of  material, 
since  both  lack  of  grade  for  washing  gravel  and  dump  for  disposal  of 
tailings  must  ])e  supplied  artificially. 

This  steam  shovel  (see  PI.  XI,  /i)  digs  in  a  pit  20  feet  below  the  sur- 
face of  the  flat.  The  dipper  empties  into  cars  which  are  pushed  by 
hand  to  the  foot  of  an  incline  and  raised  by  steam  winch  to  the  plat- 
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form  of  the  washing  frame,  where  they  are  dumped  by  hand  into  a 
hopper.  The  material  passes  through  a  trommel,  and  the  oversize  falls 
into  a  self-dumping  carrier  and  is  elevated  to  dump.  The  undersize 
passes  over  tables  and  through  sluices,  and  the  fines  are  also  raised  by 
steam,  a  scraper  being  employed  to  secure  dumping  ground.  There 
are,  therefore,  four  distinct  elevations,  viz,  by  the  shovel,  the  gravel  by 
the  tram,  the  coarse  tailings  bj'  the  bucket,  and  the  fines  by  the  steam 
scraper. 

The  pit  in  which  the  shovel  works  varies  in  depth  from  20  to  24 
feet.  The  gravel  lies  beneath  3  feet  of  muck,  is  generally  mixed  with 
considerable  sand,  and  extends  to  bed  rock.  The  material  is  well 
rounded  and  contains  very  few  stones  (but  1  per  cent)  that  are  over  18 
inches  in  diameter.  Considerable  black  sand  is  found  in  the  clean-up. 
In  spots  the  ground  is  frozen,  necessitating  tiie  occasional  use  of  steam 
points.  Steam  is  conveyed  across  the  cut  in  a  covered  steam  pipe 
hung  from  a  stretched  cable.  A  schist  bed  rock,  generally  hard,  is 
excavated  for  about  2  feet  by  the  shovel. 

The  shovel  weighs  35  tons  and  revolves  360^^  upon  a  turntable.  The 
dipper  holds  1  cubic  yard,  and  the  machine  has  a  capacity  of  1,000 
yards  in  ten  hours,  though  this  can  not  be  obtained  owing  to  inadequate 
tramming  facilities.  Its  cost  on  the  ground  is  about  double  that 
charged  by  the  manufacturer.  The  boom,  when  horizontal,  reaches 
22  feet  beyond  the  bow,  but  when  at  level  of  track  only  about  14  feet. 
Three-quarter-inch  cables  are  used  in  transmitting  power.  The  faults 
of  cables  in  steam-shovel  practice  in  inaccessible  localities  have  been 
commented  on  above.  The  dipper  contains  no  new  features.  Prongs 
arc  added  to  save  lip,  the  central  one  being  longer  than  those  adja- 
cent.    The  machine  has  3  engines  and  uses  in  all  about  40  horsepower. 

For  conveying  material  three  cars  of  2  yards  capacity  each  are  used, 
running  on  a  3- foot  gage  track  with  16-pound  rails.  The  cars  are  pushed 
by  hand  to  the  foot  of  an  incline,  which  has  an  angle  of  22*^  and  extends 
100  feet,  and  thence  elevated  })y  cable  connected  to  a  40-horsepower 
hoist.  Two  hundred  and  fifty  cars  are  usually  raised  in  ten  hours. 
On  reaching  the  platform  the  cars  are  dumped  by  hand  and  returned 
by  gravity  to  the  foot  of  the  incline. 

From  the  hopper  into  which  the  cars  dump  the  gmvel  is  fed  into  a 
revolving  trommel  16  feet  long  and  3  feet  in  diameter  supplied  with 
a  worm  upon  the  inner  surface  and  punched  with  holes  varying  from 
one-half  to  1^  inches  in  size.  The  rate  of  feed  is  regulated  by  hand, 
a  gate  being  raised  and  lowered  when  necessary.  Water  is  supplied 
to  the  trommel  by  a  6-inch  longitudinal  pipe.  All  oversize  passes 
directly  over  a  sheet-iron  chute  into  a  square  hopper,  from  which  it 
falls  by  gravity  into  a  self -dumping  carrier  and  is  elevated  approxi- 
mately 40  feet  upon  a  dump.  A  10-horsepower  winch  does  this  duty. 
The  hopper  is  furnished  with  a  heavy  iron  gate,  raised  by  the  steam 
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winch  running  the  self -dumping  airrier,  and  Is  lowered  by  its  own 
weight.  The  tines  (the  material  passing  through  the  trommel)  fall 
directly  on  gold-saving  tables  similar  in  design  to  those  used  on  many 
gold  dredges.  These  tables  (see  PI.  XII,  ^1),  which  ai'e  fed  by  two 
4-inch  pipes,  are  six  in  number  (three  on  each  side  of  the  trommel) 
and  have  a  gold-saving  surface  of  80  scjuare  feet.  They  are  fitted 
with  expanded  metal  and  cocoa-matting  riffles,  which  prove  to  be  very 
efficient,  the  greater  part  of  the  gold  being  caught  near  the  upper 
end  of  the  first  table.  (See  PI.  XII,  B,)  The  material  then  passes 
to  a  longitudinal  sluice  which  consists  of  eight  boxes  22  inches  wide 
furnished  with  Hungarian  riffles  constructed  of  1-  by  3-inch  inclined 
cleats  ciipi)ed  with  three-sixteenths-inch  iron.  The  tailings  are 
removed  by  a  steam  semper  and  elevated  upon  a  dump.  The  winch 
for  the  scraper  is  30  horsepower  and  elevates  400  4- wheelbarrow  units 
15  feet  in  ten  hours,  seven-eighths-mch  cable  beiiig  used.  It  will  be 
seen  that  the  above  double  elevation  of  material  nmst  be  costly,  using, 
as  it  does,  not  only  much  power,  but  also  additional  men  on  separate 
winches. 

The  greater  part  of  the  water  for  sluicing,  300  inches,  is  brought 
by  flume  from  Bear  Creek.  The  remainder,  amounting  to  100  inches, 
is  raised  from  the  pit  by  a  serie^s  of  pumps.  A  No.  6 .  centrifugal 
pump  raises  the  water  to  the  foot  of  the  washing  apparatus,  ivoxw 
which  it  is  lifted  25  feet  by  a  No.  8  centrifugsil  and  used  for  sluicing. 
A  35-horsepower  engine  does  the  latter  work.  An  additional  pulsom- 
eter  pump  is  occasionally  used  in  the  pit. 

The  power  plant  contains  two  GO- horsepower  boilers  and  one  50- 
horsepower  boiler,  wood  being  used  for  fuel.  Sixty  men  are  employed 
alx)ut  the  plant,  the  daily  wag(»,  of  the  laborer  being  1^4  and  board. 
The  men  work  two  LO-hour  shifts  throui^hout  the  working  season. 

The  above-described  plant  will  undergo  considerable  change  in  the 
near  future,  improvements  designed  to  effect  greater  economy  being 
contemplated.  It  is  planned  to  haul  all  material  excavated  a  distance 
of  2,000  feet  by  locomotive,  in  trains  of  i\  cars,  to  a  washing  plant 
on  the  banks  of  Klondike  River,  where  the  ground  is  8  feet  below 
the  upi>er  edge  of  the  pit,  and  then  wasli  it  by  gravity  water  from 
Bear  (>reek.  High  water  in  the  Kh)ndike  will  greatly  economize  the 
handling  of  Uiilings,  and  it  is  hoped  the  full  capacity  of  the  shovel 
may  l)e  utilized. 

A  machine  run  on  principles  nidically  ditl'erent  from  those  described 
above  is  illustrated  bv  a  steam  shovel  on  Eldomdo  Creek,  in  the  Klon- 
dike  region.  In  this  case  the  use  of  a  tramming  system  is  entirely 
avoided  by  so  armnging  the  plant  as  to  allow  direct  dumping  by  the 
dipper  into  the  sluice  boxes.  In  this  case  the  shallowness  of  the 
ground  and  the  use  of  a  oO-foot  boom  permit  such  an  arrangement. 
The  work  lies  in  the  crcvk  bed  proper  and  cuts  are  made  longitudi- 
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nally  along  the  stream,  the  sluice  boxes  being  moved  every  three  or 
four  days,  following  the  progress  of  the  shovel.  This  practice  alone 
involves  both  good  and  bad  features.  The  practice  of  dumping 
directly  into  the  sluice  is,  theoretically,  much  to  be  desired,  embody- 
ing, as  it  does,  only  one  elevation  of  the  gravel,  an  arrangement  wiiich 
consumes  the  least  power  and  time — two  all-important  factors.  The 
moving  of  the  sluice  boxes,  however,  in  this  case  consumes  much 
time — from  one  to  two  days  for  each  move — and,  wages  being  $6  a 
(lay  and  the  season  very  short,  constitutes  a  serious  drawback,  greatly 
reducing  the  capacity  of  the  plant.  The  l>9om  of  the  machine,  as 
•stated,  is  50  feet  long  and  hoists  the  gravels  30  feet  above  the  cut.  If 
an  an-angement  facilitating  the  moving  of  the  boxes  could  be  devised, 
so  as  to  avoid  the  long  delays  caused  by  this  operation,  a  very  satisfac- 
tory result  might  be  effected.  Such  a  system  requires  a  relatively 
shallow  bank,  however,  and  it  is  doubtful  whether  it  is  available  for 
steani'shovel  operations  in  general. 

In  this  instance  the  gravel  to  be  taken  out  is  frozen,  and  continuous 
thawing  must  accompany  the  advancing  work.  In  this  work  15  steam 
points  are  driven  into  the  bank  to  bed  rock,  where  they  remain 
twenty-four  hours,  the  process  consuming  during  that  time  3  cords  of 
wood.    A  25-horsepower  boiler  is  used  for  thisduty.    (See  PI.  XIII,  B.) 

Water  is  very  scarce  at  this  plant  and  is  used  repeatedly,  being  raised 
from  the  pit  by  a  centrifugal  pump  and  carried  back  to  the  sluice 
boxes  in  a  flume.  The  pump  also  serves  to  drain  the  pit.  The  sluice 
boxes  have  a  grade  of  9  inches  to  12  feet,  but,  with  the  water  at  hand, 
are  unable  to  keep  pace  with  the  capacity  of  the  machine. 

The  shovel  carries  a  one-yard  dipper  operated  by  chains.  It  is 
claimed  that  1  cubic  yard  is  moved  every  two  minutes.  Bed  rock  of 
a  slaty  nature  is  taken  up  to  a  depth  varying  from  2  to  5  feet. 

The  problem  of  disposal  of  tailings  is  a  difficult  one  and  has  not 
been  solved  economically.  A  steam  scraper  is  used  and  all  tailings 
must  be  scraped  to  one  side  and  elevated.  Not  only  is  the  expenditure 
for  wood  an  item,  but  a  man  must  be  constantly  attending  the  scraper 
while  another  handles  the  steam  winch. 

A  tramming  system  which  would  convey  the  material  to  be  washed 
to  such  a  point  as  would  admit  of  the  disposal  of  tailings  by  gravity, 
even  if  a  thousand  feet  or  more  distant,  would  be  a  more  economical 
arrangement,  saving,  as  it  would,  not  only  all  elevation  of  tailings, 
but  also  all  delay  in  moving  the  washing  apparatus. 

Ten  men  are  employed  about  the  plant  each  shift,  occupied  in 
scraping  tailings,  forking  gravel  in  dump  box,  running  shovel, 
attending  steam  points,  and  in  cleaning  bed  rock  at  places  where  the 
dipper  could  not  effectually  work. 

Bull.  263—06 6 
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The  8hovel  is  moved  by  rollers  running  on  skids,  power  being 
obtained  from  the  shovel  winch.     The  dipper  is  furnished  with  soft 

steel    prongs    which    wear    verj' 
rapidly. 

DRIFT  MINING. 
INTRODUCTION. 

Northern  gold-gravel  deposits, 
that  are  sufficiently  rich  to  war- 
rant the  method,  can  generally  be 
exploited  by  drifting  beneath  the 
overburden  at  all  times  of  the 
year.  In  Jrift  mining  creek  de- 
posits the  gravel  is  hoisted  through 
shafts,  and  where  bench  gravels  are 
worked  it  is  generally  trammed 
through  adits.  In  all  portions 
of  the  interior  of  Alaska  and  in 
the  Klondike  the  drifting  of  aurif- 
erous gravels  has  been  carried 
on  with  fully  as  much  activity  in 
the  winter  as  in  the  summer.  As 
may  be  seen  b}'  the  cost  sheet, 
the  expense  of  winning  the  gold 
by  winter  drifting  and  spring  thaw- 
ing is  greater  by  over  ^1  per  cubic 
yard  than  that  of  summer  work. 
This  increase  is  due  to  the  necessity 
of  rehauling  and,  in  many  cases,  of 
rethawing  the  dumps  in  the  sepa- 
rate process  of  sluicing.  In  con- 
sequence, only  the  richer  ground, 
running  from  $6  to  $10  to  the 
cubic  3^ard,  can  be  profitably 
drifted.  The  price  of  labor  dur- 
ing the  winter  in  the  interior  is 
only  25  per  cent  less  than  in  sum- 
mer, so  that  this  does  not  afford  a 
great  offset  to  the  increase  of  cost 
from  other  causes.  In  Seward 
Peninsula,  where  the  price  for 
winter  labor  is  only  $2.50  a  da^'^ 
and  })oard,  as  against  $5  in  summer, 
it  would  seem  that  winter  drifting  can  be  undertaken  more  generally' 
than  heretofore.     A  reliable  operator  of  Nome  is  of  the  opinion  that 
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winter  drifting  operations  should  be  continued  in  that  vicinity  where 
timbering  is  necessary  but  thawing  is  not,  and  where  the  gravel  can 
be  trammed  to  surface  through  adit  for  $3  per  cubic  yard,  including 
all  expenses  of  extraction  and  sluicing-up  in  the  spring.  This  is  less 
than  double  the  cost  of  drift  mining  in  the  Forest  Hill  divide  region 
of  California,  where  conditions  are  eminently  favorable. 

Neglect  to  sample  is  the  worst  possible  practice,  as  many  lamentable 
failures  have  resulted  from  overconfidence  in  the  value  of  the  ground 
taken  out,  and  the  miner  who  confidently  waits  for  the  big  wash-up 
before  thoroughly  knowing  the  amount  of  gold  in  the  material  he  is 
handling  is  frequently  doomed  to  disappointment.  The  method  of 
sampling  the  dump,  given  under  the  heading  "Hydraulic  mining" 
(p.  118),  is  to  be  highly  recommended  for  ail  work  of  this  nature. 

Where  timber  is  scarce  and  costly,  and  wood  for  fuel  has  to  be 
hauled  from  a  distance,  it  is  advisable  to  consider  the  entire  abandon- 
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Fig.  14.— System  of  opening  drift  mine. 

ment  of  attempts  at  winter  work.  The  amount  of  gravel  which  can 
be  hauled  is  less,  and  the  cost  per  cubic  yard  is  greater.  The  time 
spent  in  sluicing  the  winter  dump  may  frequently  be  more  profitably 
employed  in  preparing  for  the  summer.  The  ordinary  small  rig  for 
drifting  operations  without  timbering  is  shown  in  fig.  13. 

DRIFTING  AND  TIMBERING. 

Drift  mining,  whether  the  workings  are  approached  by  shaft  or 
adit,  can  be  most  economically  conducted  by  adopting  the  system 
which  proved  so  successful  in  California.  The  mine  is  opened  by  a 
main  tunnel  or  runway,  6  by  6  feet,  which  generally  requires  timber- 
ing, with  logs  8  by  8  inches,  6  feet  long,  the  sets  having  5-foot  centers. 
This  runway  is  continued  out  to  the  end  of  the  block  of  ground  which 
it  is  proposed  to  work,  say  from  50  to  100  feet  in  ordinary  Alaska 
operations.  It  is  assumed  that  the  runway  occupies  the  longer  dimen- 
sion of  the  ground  and  approximately  the  center  of  the  pay  streak, 
say  75  or  100  feet  in  width.  From  the  main  tunnel  drifts  are  run 
transversely  each  way  to  the  outer  edges  of  the  pay.  These  generally 
do  not  require  timbering  in  frozen  ground.  Fig.  14  illustrates  the 
system  of  main  runway  and  drifts.  The  gravel  can  now  be  breasted 
out,  a  face  being  carried  the  full  width  of  the  pay  and  the  work  being 
continued  in  two  or  more  of  the  drifts,  as  desired,  the  breasts  being 
always  carried  toward  the  shaft  or  adit  mouth.     The  drifts  may  be 
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timbered  either  with  sets,  where  ground  is  heavy,  with  single  posts 
and  caps  in  moderately  firm  ground,  or  left  entirely  untimbered,  as 
in  solidly  frozen  ground.  Fig.  16  shows  the  manner  of  timbering 
closely  and  rock  filling  behind  when  breasting  out  faces  of  loose 
gravel  in  the  Hidden  Treasure  gravel  mine  in  California.  The 
sketch  is  made  up  in  part  from  report  of  Mr.  Ross  E.  Browne," 
and  in  part  from  the  writer's  own  observations.  The  system  of 
filling  behind  with  quartz  stones  in  impracticable  for  Alaska  min- 
ing; instead  of  this  timbers  should  be  pulled  and  the  ground  allowed 
to  cave.  This  form  of  timbering  is  in  use  in  the  drift  mines  of  Solo- 
mon Hill,  Klondike,  except  that  instead  of  separate  base  blocks  sills 
are  used.  Fig.  16  shows  a  portion  of  the  drift  operations  which  were 
prosecuted  on  SolomonHill  in  the  early  years  of  the  Klondike  exploita- 
tion. The  plan  of  the  workings  is  here  reproduced  by  courtesy  of  Mr. 
George  T.  Coffey,  manager  of  the  Anglo-Klondike  Mining  Cominny's 
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operations.  The  drifting  operations  in  the  southern  portion  of  the 
ground  are  still  in  progress.  PI.  XIII,  B,  shows  the  mouth  of  one 
of  the  adits  leading  to  the  operations. 

The  main  adits  are  timbered  with  +-inch  timbers,  in  sets  with  5i-foot 
centers,  at  a  cost  of  $1,75  for  framing  and  putting  in  per  foot  of  tun- 
nel run.  The  entire  cost  of  driving  the  tunnol  5i  feet  high,  including 
steam  thawing,  excavating,  tramming,  timtteriiig,  and  laying  track  of 
12-pound  rail,  was  #6.25  per  foot.  Transvei'sc  drifts  were  run  from 
the  main  adits,  and  the  ground  wa.s  always  bi-eastcd  out  in  the  direction 
of  the  adit  mouth.  The  irregularity  of  the  workings  in  a  portiou  of 
the  ground  is  accounted  for  by  the  fact  that  a  certain  amount  of  unsys- 
tematic work  had  been  done  previous  to  the  purchase  of  the  ground  by 
the  present  company. 

The  gi'oimd  is  solidly  frozen  and  had  to  l»e  thawed  by  steam  points. 
The  rate  of  speed  with  which  the  work  was  carried  on  may  be  judged 
from  the  fiict  that  two  men,  working  a  shift  in  running  a  straight 
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tuiiiittl  after  the  points  had  been  left  in  fourteen  hours,  averaged  5i 
feet,  including  taking  out  the  points,  putting  in  timl>er3,  keeping  up 
the  track,  and  driving  in  other  points  to  a  dit«tance  of  5  feet.  The 
average  height  to  whi<-h  the  gravel  vma  taken  out  in  a  representative 
block  was  4  feet.  PI.  XIV,  A  (p.  86),  bIiows  the  remnants  of  old  drift 
timbers  in  ground  which  has  been  hydraulicked  subsequently  to  the 
drifting  of  the  rich  bed-rock  pay.     The  cost  of  mining  waa  J5.5I)  per 
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square  yard  of  area  worked.  In  drifting  out  the  ground  it  was  found 
that  three  points  in  u  face  6  feet  wide,  allowed  to  thaw  twelve  hours 
und  then  withdrawn,  the  ground  being  "sweated"  twelve  hours  longer, 
would  tlmw  all  tlie  ground.  The  sluicing  was  conducted  in  the  ordi- 
nary way  of  piling  up  the  dump  and  afterwards  caving  and  hydraulick- 
ingwith  a  nozzle  into  the  boxes.  The  actual  working  costof  washing 
wa.s  vXmut  18  twnts  pec  square  yard  of  area  worked. 
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In  drifting  operations  on  a  l^ench  of  Anvil  Creek,  Seward  Peninsula, 
a  main  long  adit  was  run  4  b}'  6  feet  6  inches  in  the  clear,  at  a  cost  of 
$4  a  foot,  untimbered,  for  the  entire  width  of  the  ground  in  a  direction 
transverse  to  that  of  the  creek.  This  was  500  feet  in  length  and  was 
10  feet  below  the  surface  of  the  schist  bed  rock.  The  average  depth 
of  the  ground  was  20  feet,  being  2  feet  of  n[iuck,  11  feet  of  wash  gravel 
containing  alnfiost  no  gold,  and  7  feet  of  pay  dirt,  the  last  consisting 
of  5  feet  of  pay  gravel  and  2  feet  of  bed  rock,  which  contained  the 
best  pay.  This  was  the  thickness  drifted.  The  adit  served  as  a  drain 
for  the  workings.  The  ground  was  only  partially  frozen,  and  it  is 
likely,  as  has  been  found  in  parts  of  the  Alaska  interior,  that  the  con- 
stant draining  of  the  ground  assisted  in  a  gradual  thawing  of  the 
frozen  parts.  From  the  end  of  this  main  adit,  a  long  tunnel  (600  feet) 
was  run  for  the  length  of  the  ground  which  was  to  be  drifted,  at  a 
level  of  8  feet  above  that  of  the  adit  floor.  This  was  timbered  with 
6-  by  6-inch  posts,  8-  by  8-inch  caps,  sets  with  4-foot  centers,  lagged 
with  2-  by  6-inch  plank,  top  and  sides.  From  this  long  drift  cross  drifts 
were  run  in  a  direction  parallel  to  that  of  the  main  adit,  at  intervals 
of  100  feet,  and  with  lengths  of  40  feet  on  each  side  of  the  main  longi- 
tudinal drift.  The  ground  was  then  breasted,  carrj^ng  a  40-foot  face 
toward  the  adit.  The  Hidden  Treasure  system  of  timbering,  using  false 
sets,  was  employed.  Track  was  laid  both  in  the  main  adit  and  in  the 
upper  workings,  and  cars  of  21  cubic  feet  capacity  w(»re  employed  in 
tranmiing,  4  in  the  main  adit  and  from  15  to  20  in  the  upper  workings. 
The  stopes  never  exceeded  20  feet  in  back  and  forward  dimensions. 
The  timbers  used  were  8-  by  8-inch  posts.  7  feet  long;  10-  by  lO-inc^h 
caps,  11  feet  long;  5-foot  (renters,  all  ways,  between  posts.  Boards 
wore  laid  down  to  shovel  on.  The  ground  was  so  heavy  it  was  found 
impossible  to  save  the  timbers,  hut  the  track  was  all  recovered.  In 
extracting  21,000  cubic  yards,  timbering  cost  $14,000,  with  lumber  at 
$50  per  thousand. 

The  gnivel  was  trammed  to  surface  and  distributed  on  a  long  dump 
40  feet  on  each  side  of  a  previously  constructed  24-inch  sluice  500 
feet  long.  As  usual,  planks  were  laid  on  top  of  the  sluice,  and  when 
spring  opened  the  gravel  was  caved  and  horse  scraped  into  the  sluice. 
In  distributing  the  gravel  on  the  dump  3  men  and  a  horse  scraper  had 
to  be  employed  most  of  the  time  in  keeping  the  snow  olf,  on  account 
of  especially  heavy  snowfalls  when  the  work  was  being  done.  When 
completed,  the  dump  measured  700  by  80  by  20  feet,  approxmiately. 
The  drifting  work  consumed  nearh^  eleven  months,  and  the  sluicing 
alKKit  two  months,  being  delayed  on  account  of  frost  in  the  gravel. 

La})or  employed  averaged  45  men  in  two  shifts  of  ten  hours,  at 
winter  wage  of  $2.50  a  day  and  board.  A  shift  in  the  drifting  opera- 
tions consisted  of  10  men  shoveling  into  cars,  aveniging  8  cubic  yards 
to  tho  man;  3  to  4  trammers  took  care  of  the  dirt  shoveled.     In  sluic- 
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ing,  10  men  and  two  2-horse  scrapers  were  used  to  a  shift.  The 
product  of  the  operations  was  $160,000;  and  the  cost,  inchiding  pre- 
liminary prospecting,  was  59  per  cent  of  the  output.  The  work  was 
done  in  1901-2,  and  the  opinion  was  given  by  the  operator  that  the 
cost  could  be  decreased  20  per  cent  under  present  conditions. 

In  drifting  operations  on  high  benches  lying  between  Anvil  and 
Dexter  creeks  near  Nome  the  gravel  must  be  hoisted  through  shafts. 
It  is  said  that  powder  is  efficient  in  extracting  the  frozen  ground. 
This  is  contrary  to  experience  in  the  Alaska  interior,  and  is  doubtless 
due  to  the  fact  that  the  gravel  is  not  nearl}'  so  solidly  frozen.  In  fact, 
it  is  said  that  the  powder  is  used  for  only  a  portion  of  the  time. 
From  the  main  shaft,  which  must  be  in  some  cases  230  feet  deep  to 
reach  the  second  pay  streak,  a  drift  is  run  the  length  of  the  pay 
ground.  From  this,  transverse  drifts  are  run  at  alternate  intervals  of 
50  feet  in  each  side  of  the  main  drift.  Some  operators  sink  the  shaft 
on  the  side  rather  than  in  the  center  of  the  ancient  channel,  as  by  this 
method  the  shaft  is  less  likely  to  ''squeeze."  The  shafts  are  3  by  6 
feet,  timbered  with  2-  by  12-inch  plank  laid  up  on  the  sides,  with  2-  by 
4-inch  timbers  set  vertically  on  the  corners  inside. 

The  face  can  be  carried  from  50  to  100  feet  in  length  in  the  winter, 
as  the  constant  slight  freezing  renders  the  gravel  less  heavy.  In  sum- 
mer, on  the  other  hand,  the  ground  must  be  worked  in  small  blocks. 
With  the  methods  of  timbering  in  use,  6-  by  6-  to  10-  by  10-inch  sawed 
posts  are  put  in,  on  base  block,  and  with  a  short  4-  by  12-inch  plank 
cap,  posts  having  3-foot  centers  in  all  directions.  A  space  of  3  sets  in 
width  is  generally  carried  before  the  ground  is  allowed  to  cave.  When 
the  ground  is  ready  to  cave  a  bulkhead  is  nailed  to  the  second  set,  the 
timl>ers  are  pulled  with  ropes  from  the  third,  and  the  caved  ground  is 
caught  by  the  bulkhead.  The  breast  is  then  carried  forward  as  before. 
No  lagging  is  used  except  in  the  shaft  and  the  main  runway.  In  sum- 
mer work  the  area  of  bed  rock  exposed  in  one  stope  rarely  exceeds  10 
feet  square. 

In  sluicing  the  dumps  from  winter  operations  on  the  high  Anvil 
benches,  the  expedient  is  adopted  of  building  small  dams  of  sod  and 
erecting  snow  fences  behind  them  to  catch  snowdrifts,  so  that  sluic- 
ing water  may  be  aflForded  in  the  spring  from  the  melting  snow.  The 
remarkable  phenomenon  of  deep-lying  pay  streaks  on  the  Anvil 
benches  has  been  considered  by  Mr.  A.  J.  Collier®  in  his  geological 
account  of  the  Nome  district. 

On  Eagle  Creek,  in  the  Birch  Creek  district,  an  interesting  drifting 
operation  was  seen.  It  is  especially  difficult  to  work  the  creek  claims 
by  drifting  on  account  of  the  partially  thawed  character  of  the  gravel. 
A  bed-rock  drain  was  run  in  winter  at  one  side  of  and  parallel  with  the 
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pay  streak,  and  low  enough  to  drain  all  the  ground  which  it  was  pro- 
posed to  work.  The  drain  was  covered  and  lagged  with  poles  and 
thus  rendered  permanent.  A  shaft  was  then  sunk  at  the  lower  end  of 
the  ground,  4  by  8  feet  in  dimensions  and  20  feet  deep.  This  was 
timbered  only  for  the  upper  14  feet,  and  was  sunk  in  three  days  by  2 
men.  A  tunnel  was  then  run  upstream  the  length  of  the  ground, 
wide  enough  to  admit  8-foot  caps.  Posts  were  5  feet  long,  all  timber 
being  9  inches  square.  Sets  had  4i-foot  centers,  and  the  tunnel  was 
lagged  overhead  with  2i-inch  flattened  poles.  A  set  of  timbers  deliv- 
ered cost  $4,  there  being  34  caps  to  a  cord  of  wood.  Lateral  drifts 
8  feet  wide  were  driven  at  intervals  of  8  feet,  4^^  feet  in  thickness  of 
gravel  being  taken.  The  gravel  was  wheeled  to  the  shaft  and  wind- 
lassed  to  surface,  about  25  cubic  yards  being  raised  in  ten  hours. 
The  lamentable  lack  of  any  tramming  arrangement  for  transporting 
the  gravel  to  a  distance  resulted  occasionally  in  the  caving  in  of  the 
ground  from  the  added  weight  of  the  dump.  The  gravel  so  laboriously 
raised  was  thus  lost.  Some  idea  of  the  difliculties  of  operating  on  Eagle 
Creek  may  be  seen  from  the  following  figures:  Wood  was  $10  a  cord, 
not  excessively  high;  lumber,  $180  a  thousand;  and  freight-packing 
i*ates  from  Circle  on  the  Yukon,  26  cents  a  pound  in  summer  and  8 
cents  in  winter.  Considering  the  remoteness  of  the  district,  the  work 
c«.rried  on  was  remarkably  good  and  systematic. 

THAWING. 

One  who  has  nev^er  visited  the  interior  of  Alaska  finds  it  difficult 
toco^v^eive  the  formidable  condition  of  solidly  and  perpetually  frozen 
alluvium  which  is  there  encountered  by  the  placer  miner.  The  quan- 
tity of  water  in  the  form  of  ice  which  occurs  in  the  frozen  gravel 
averages  about  25  per  cent;  wnile  in  the  overl3^ing  fine,  black  silt 
which  forms  the  overburden  the  quantity  of  ice  varies  from  .50  to  75 
per  cent.  Whatever  may  ))e  the  physical  composition  of  the  material, 
it  forms  a  mass  as  solid  and  as  difficult  to  penetrate  a.s  solid  stone,  and 
can  ))e  disintegrated  only  by  exposure  to  the  sun's  rays  or  by  the  long- 
continued  application  of  some  form  of  energy  artificially  applied. 

In  any  open-cut  operations  the  dense  blanket  of  moss,  from  12  to 
18  inches  in  thickness,  which  covers  the  frozen  ground,  nuist  be 
broken  into  and  turned  over  either  by  adzes  or  plows  before  the  action 
of  sun  and  water  can  take  anv  effect  on  the  underlvini^  muck.  As  has 
been  said,  this  effect  is  remarkably  rapid  when  the  water  is  allowed  to 
run  over  the  exposed  black  and  icy  mass. 

A  curious  condition  exists  in  the  treeless  areas  of  Seward  Peninsula. 
Whenner  a  growth  of  stunted  willows  occurs,  the  ground  beneath  is 
found  to  be  thawed,  and  wherever  the  willows  are  replaced  })v  moss 
the  ground  is  frozen  solid.  The  rule  is  not  without  (exceptions,  but 
has  l)(»en  found  to  have  rather  genenil  application.     The  distribution 
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of  the  willows  and  moss-covered  patches  in  the  creek  bottoms  and 
along  the  low  valleys  appears  to  be  entirely  irregular.  For  further 
notes  on  the  frozen  and  half-frozen  conditions  existing  in  the  interior 
reference  may  be  made  to  the  matter  presented  under  the  heading, 
'*  Prospecting." 

Drifting  operations  in  the  creek  deposits  of  the  Klondike,  Birch 
Cr<»ek,  Fortymile,  and  Fairbanks  districts  of  the  interior  are  nearly 
always  carried  on  in  solidly  and  perpetually  frozen  ground.  A  nec- 
essary accompaniment  of  the  work  is  the  thawing  of  the  ground  by 
artificial  means.  Mr.  Greenleaf  W.  Pichard  has  thoroughly  investi- 
g».ted  for  this  report  the  possibilities  of  using  any  form  of  the  electric 
furnace  for  thawing  the  frozen  gravel,  and  has  reached  the  conclusion 
that  electric  thawing  is  impracticable.  The  thawing  of  ground  which 
lies  open  to  the  air,  by  the  combined  agencies  of  sun  and  water,  will 
be  considered  under  the  heading  ''Hydraulic  mining."  Artificial 
power,  through  the  agency  of  the  steam  point,  is  only  in  rare  cases 
applied  in  open-cut  work.  The  Klondike  district  afforded  a  few  exam- 
ples of  this  application  of  power,  notably  in  connection  with  dredg- 
ing operations  on  Bonanza  Creek,  the  steam-shovel  operations  on 
Bear  Creek,  and  in  two  open  cuts  on  Upper  Dominion  and  Hunker 
creeks.  PI.  XIV,  B  (p.  86),  shows  an  application  of  the  steam  point 
to  open-cut  mining  on  Hunker  Creek.  It  is  difficult  to  determine 
the  efficiency  in  open  work,  as,  naturally,  a  portion  of  the  thaw- 
ing is  done  by  the  sun.  From  the  data  collected,  however,  it  does 
not  appear  to  be  am'^  greater  than  its  underground  efficiency,  which 
will  be  presently  discussed. 

The  method  of  thawing  gravel  underground  by  wood  tires  is 
expensive  and,  unless  the  conditions  are  very  exceptional,  is  not  used 
in  those  districts  where  transportation  facilitias  permit  the  bringing 
in  of  boilers. 

According  to  experience  on  Deadwood  Creek,  Birch  Creek  district, 
the  efficiency  of  a  wood  fire  in  creek  ground  was  as  follows:  A  fire 
taking  three-fifths  cord  of  wood  (at  $12  a  cord)  is  built  against  the 
fai^e  of  the  bank.  The  pile  of  wood  will  be  18  inches  wide,  2  feet 
high,  and  25  feet  long.  Stones  are  laid  up  over  the  pile  and  a  space 
is  left  to  light  the  fire.  The  fire  is  lighted  at  5  p.  m.  and  left  to  burn 
until  8  a.  m.  the  next  day.  The  stones,  which  quickly  get  hot,  are 
regarded  as  most  efficient  in  thawing.  On  a  4-foot  thickness  of  pay 
this  amount  of  fire  will  thaw,  in  the  time  specified,  from  5  to  6  cubic 
yards  of  gravel.  This  is  at  the  rate  of  9.2  cubic  yards  thawed  to  the 
cord  of  wood,  which  is  considerably  less  efficient  than  the  method  of 
thawing  with  steam.  Time,  delays,  and  awkwardness  of  the  method, 
moreover,  make  wood-fire  thawing  the  most  expensive  that  can  be 
adopted.  The  figures  per  foot  for  shaft  sinking  range  from  $3.16  to 
$7.50  in  taking  gravel  from  prospect  shafts.     The  efficiency  given  in 
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the  above-cited  ease  on  Deadwood  Creek  appears  to  be  very  nearly 
the  same  as  that  given  by  Mr.  E.  D.  Levat**  for  the  operations  in 
eastern  Siberia. 
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The  direct  application  of  jets  of  dry  steam  to  the  gravel   bank 
through  the  agency  of  driven  pipes  has  been  found  to  be  the  most  effi- 

aL'Or  en  SiMrie  orientale.    The  iormvila  used  \^-.  Vac\\  V»T*iaCi\\\  o\.  \  \v\c\v  vA  ^wA  «L^v^led  at  the 
fofU  of  the  lace  thaws  an  equal  widtli  ol  graveV. 
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cient  method  in  general  practice  for  thawing  frozen  gravel.  The 
amount  of  moisture  contained  in  8team  can  be  judged  by  the  color  of 
a  jet  of  steam  issuing  from  a  small  bi-ass  pet  cock.  If  it  is  trans- 
parent or  whitish  near  the  orifice  it  contains  less  than  2  per  cent  of 
moisture;  if  pure  white,  the  moisture  is  above  2  per  cent. 

Fig.  17  shows  the  details  of  the  steam  point  and  some  of  the  fittings 
which  its  use  entails. 

In  creek  claims  exceeding  15  feet  in  depth  where  solidly  frozen 
ground  occurs,  as,  for  example,  in  the  new  Fairbanks  district  of 
Alaska,  the  method  of  drifting  with  the  use  of  the  steam  point  is  as  fol- 
lows: A  20-horsepower  boiler,  capable  of  running  10  steam  points,  is  put 
on  the  ground,  and  frequently  one  or  two  extra  long  points  are  provided 
for  sinking  holes.  These  long  points,  from  10  to  12  feet  in  length,  are 
not  so  strongly  made  as  the  5-foot  points  used  in  the  drifting  opera- 
tions. In  some  cases  pieces  of  one-half-inch  hydraulic  pipe  are  used. 
The  point  is  set  up  on  the  ground  and  steam  or  hot  water  is  turned 
on.  The  time  for  sinking  a  hole  by  this  method  to  bed  rock  is  from 
twenty-four  to  forty-eight  hours.  If  large,  flat  stones  are  encoun- 
tered in  the  gravel  underlying  the  muck  it  is  sometimes  advisable  to 
use  strong,  specially  made  points  to  prevent  breaking.  The  average 
radius  of  a  vertical  shaft  thus  thawed  by  a  single  point  is  2  feet,  and 
the  hole  when  cleaned  out  has  a  cylindrical  or  tube  shape. 

If  timbering  is  required  after  the  shaft  is  sunk  it  is  generally  found 
that  the  hole  will  thaw  suflSciently  to  allow  the  shaft  to  be  carried  4  by 
5  feet  or  4  by  6  feet  inside  the  timbers.  As  a  rule,  however,  winter 
shafts  are  not  timbered.  When  bed  rock  is  reached  a  tunnel  or  run- 
way is  run  for  a  distance  varying  from  50  to  100  feet  from  the  tunnel 
lengthwise  of  the  claim.  From  this  central  drift,  which  is  generally 
timbered,  lateral  drifts  are  run  to  a  distance  not  exceeding  50  feet,  or 
from  this  down  to  10  feet,  or  the  width  of  the  pay  streak.  Two  tun- 
nels parallel  with  the  central  runway  are  carried  at  the  ends  of  the 
cross  drifts  and  connections  made  from  them  to  the  shaft.  These  are 
rarely  timbered. 

The  frozen  condition  of  the  overburden  allows  a  firm  roof  to  stand 
without  timbering  while  the  gravel  is  being  extracted.  This  is  a  great 
advantage  and  in  part  oflFsets  the  difficulties  attending  the  breaking 
up  of  the  frozen  gravel.  The  ground  is  now  ready  for  working.  The 
drifts  and  main  ways  are  run  as  low  as  possible  in  cases  where  the  pay 
is  thin,  but  a  height  of  3^^  feet  is  the  lowest  that  can  be  worked  with 
economy. 

During  the  night  shift  sufficient  gravel  is  thawed  to  occupy  the 
men  in  extracting  it  in  the  daytime.  In  handling,  not  only  the  pick- 
ing and  shoveling  from  the  bank  must  be  allowed  for,  but  the  wheeling 
to  the  shaft,  the  time  of  return  to  the  face,  and  the  hoisting  of  the 
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gravel  to  the  surface  and  conveying  to  the  dump.  The  face  exposed 
by  the  cross  drift  at  the  far  end  of  the  runway  is  worked  back  toward 
the  shaft,  and  the  gravel  is  trammed  in  wheelbarrows  to  the  shaft  and 
hoisted.  Points  5  feet  in  length  are  used  to  thaw  the  gravel,  and  are 
generally  used  in  "batteries"  or  "crossheads"  of  four  (see  fig.  17, 
p.  90).  The  points  are  supplied  with  steam  from  a  crosshead  of  iron 
gas  pipe,  three-fourths  inch  in  diameter,  fitted  with  elbows  and  short 
pieces  of  one-half  inch  pipe  leading  to  the  steam  hose,  to  which  the 
points  are  attached.  The  valves  are  generally  set  in  these  short  pieces 
of  pipe.  The  points  are  driven  in  with  a  mallet  by  the  point  man 
working  on  the  night  shift.  The  points  are  left  in  the  bank  from  ten 
to  fourteen  hours.  The  thawing  is  nearly  always  done  on  the  night 
shift,  the  only  men  occupied  being  the  point  man  below  and  the  fireman 
at  the  boiler  above.  Each  point  thaws  a  block  of  gravel  on  an  average 
6  feet  into  the  bank,  18  inches  on  each  side  of  the  point  and  4  feet  high. 
The  crosshead  is  laid  on  the  floor  of  the  drift,  at  a  distance  of  10  feet 
away  from  the  face,  and  the  steam  hose  connecting  each  cock  of  the 
crosshead  with  the  individual  points  must  be  long  enough  to  reach  the 
desired  distance  for  placing  the  point  in  the  bank.  The  cross  pipe  c, 
to  which  the  hose  clamp  attaches  the  hose,  should  be  carried  through 
the  steel  head  and  brazed  on  the  opposite  side  so  that  it  will  not  break 
oflF  bv  a  chance  blow  from  the  mallet. 

It  is  considered  good  practice  as  a  rule  to  start  the  points  with  hot 
water  turned  through  the  hose.  The  points  must  be  driven  carefully 
and  slowly,  and  for  10  points  distributed  along  a  face  the  average 
time  needed  is  from  one  to  three  hours.  The  amount  of  steam 
required  for  each  point  has  been  found  to  vary  in  amount  from  1  to  2 
boiler  horseiX)wer.  One  and  one-half  may  be  taken  as  a  safe  average. 
The  amount  of  gravel  which  a  point  will  thaw  appears  to  vary  witli 
the  length  of  the  point,  and  this  is  regulated  somewhat  by  the  char- 
acter of  the  gravel.  The  5-foot  point  ha,s  been  found  the  most 
economical  size  for  the  small  o{)erator. 

A  typical  illustration  of  the  eflioiency  of  the  points  in  the  Fairbanks 
district  is  the  experience  at  No.  8,  l>eIow  Fairbanks  Creek.  Points  of 
Dawson  manufacture,  5  feet  long,  costing  $15  e^ch  laid  down,  were 
used  in  crossheads  of  four.  They  were  put  in  at  distances  of  from  2 
feet  6  inches  to  3  feet  apart.  The  points  were  started  with  hot  water, 
and  it  took  three  hours  to  drive  them  in.  A  12-horse power  boiler 
supplied  the  steam  for  10  points,  three-fourths  of  a  cord  of  wood  being 
l)urned  on  the  night  shift,  when  the  thawing  was  done.  In  twelve 
hours  the  10  points  thawed  a  block  of  gravel  30  feet  in  length  b}^  5 
feet  in  height  by  H  feet  into  the  hank—  an  avcu'age  of  8.3  cubic  yards 
to  the  point. 

The  above  is  a  little  high  for  the  average  duty  in  the  Fairbanks  dis- 
trict, hut  is  low  for  the  Klondike  creek  drifting  operations.     A  typical 
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result  on  Hunker  Creek,  where  li  to  li  horsepower  was  used  for  each 
5i-foot  point  running  ten  hours,  was  4i  cubic  yards.  PL  III,  B 
(p.  40),  shows  a  winter  drifting  operation  in  the  Klondike,  and  PI. 
XV,  A  (p.  92),  shows  a  drifting  operation  during  summer  on  Fair- 
banks Creek.  PL  XIV,  B^  shows  a  battery  of  steam  points  thawing 
ground  in  the  open  in  preparation  for  excavating  by  a  steam  shovel. 
Three  cords  of  wood,  at  $13  per  cord,  were  burned  in  twenty -four 
hours  to  generate  steam  for  operating  16  of  these  points  10  feet  long. 
These  thawed  ground  14  feet  deep  to  bed  rock.  As  4  cords  of  wood 
were  burned  in  addition  on  the  steam  shovel,  and  20  men,  at  $6  a  day, 
were  employed  in  the  twenty -four  hours  to  get  out  less  than  500  cubic 
yards  a  day,  the  operations  were  not  economical.  In  connection  with 
a  dredging  operation  the  thawing  by  means  of  steam  conducted  through 
gas  pipe  in  11-foot  lengths  was  estimated  to  add  40  cents  per  yard  to 
the  cost  of  working  the  ground. 

The  only  drifting  and  steam-thawing  plant  at  Nome  gave  an  effi- 
ciency for  each  point  of  only  \\  cubic  yards.  The  points  were  using 
in  this  (»se  a  little  less  than  1  horsepower  each  and  were  run  only  for 
eight  hours.  Moreover,  the  gravel  was  small  and  was  mixed  with 
much  ancient  beach  sand,  which  in  a  frozen  condition  is  extremely 
difficult  to  thaw  with  steam. 

The  method  of  thawing  with  hot  water  by  means  of  a  force  pump 
set  in  the  underground  workings,  which  forces  hot  water  through  a 
small  nozzle  against  the  bank,  has  been  tried  successfully  in  the  Klon- 
dike district.  At  a  claim  on  Gold  Run,  where  it  was  desired  to  extract 
a  3- foot  pay  streak  of  gravel  capped  by  27  feet  of  barren  gravel  at  a 
depth  of  50  feet  below  the  surface,  a  small  force  pump  of  the  ram  pat- 
tern, with  outside  packed  valves,  was  placed  in  th^  main  runway  near 
the  shaft.  It  drew  water  from  a  6-foot  sump  near  at  hand,  to  which 
the  workings  drained.  The  pump  had  4-inch  intake,  3-inch  dis(^harge 
choked  to  2i-inch,  and  the  water  was  pumped  to  the  face  by  means  of 
cotton  hose  and  discharged  through  a  1-inch  brass  nozzle  at  40  pounds 
pressure.  Six  thousand  gallons  of  water  were  used  over  and  over, 
and  by  discharging  the  exhaust  from  the  pump  into  the  suction  the 
water  was  kept  at  a  temperature  of  150"^  F.  In  a  shift  of  (en  hours 
the  pump,  using  30  horsepower,  thawed  and  broke  down  ready  for  the 
shovelers  175  cubic  yards  of  gravel.  This  is  vastly  superior  to  the 
average  Klondike  duty  of  the  l^-horsepower  steam  point,  even  allow- 
ing 4  cubic  yards  to  the  point,  as  the  30  horsepower  would  supply  only 
20  points  and  the  maximum  duty  would  be  80  cubic  yards. 

Only  under  certain  very  favorable  conditions,  however,  can  the  hot- 
water  method  be  used.  ^  There  must  l>e  no  silt  in  the  gravel,  otherwise 
the  water  becomes  thick  and  can  not  be  settled  in  the  sump.  If  the 
bed  rock  is  in  large  flakes,  and  the  pay  sinks  into  it,  the  hydraulic 
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.  method  is  iDefficient  in  thawing  the  valuable  ground.  The  method  is 
worthy  of  the  serious  attention  of  the  Fairbanks  placer  miners,  how- 
ever, as  will  be  pointed  out  in  the  discussion  of  that  district  (p.  97). 

MOISTINQ. 

For  hoisting  and  conveying,  say  to  a  distance  not  exceeding  20O  feet, 
the  Dawson  self-dumping  carrier,  with  accompanying  bucket,  cables, 
etc.,  and  steam  hoist,  must  be  used  in  order  tlwit  the  most  economical 
work  per  man  employed  can  be  dooe.  This  device,  w^hich  is  shown  in 
flg.  IS,  is  without  doubt  the  best  system  of  handling  gravel  from  a 
shaft  of  shallow  depth  now  in  use  in  the  Northwest.  It  is  strong  and 
compact,  and  is  simple  in  operation.  Those  parts  which  by  their  posi- 
tion receive  the  most  strain  and  iar  can  be  made  su£Sciently  durable  to 
withstand  hard  usage. 


P....- 


No  springs  arc  used  In  the  construction,  for  the  reason  that  at  low 
temperature,  say  of  40^  F.  below  zero,  metals  are  very  brittle,  and 
the  constant  jar,  ii  necessary  iiceompanimont  of  the  work  of  this 
apparatus,  renders  springs  and  any  light  metallic  member  unsafe. 

As  tig.  18  shows  elearly  the  construction  of  the  carrier,  only  a  few 
words  need  ho  said  of  its  operations. 

It  may  Ijb  stated  that  three  distinct  operations  are  accomplished, 
two  of  which  are  performed  by  the  carrier,  the  thirti  being  ettected  by 
an  auxiliary  rope  used  in  dumping  the  bucket.  The  first  consi.sts  in 
engaghigthe  bucket  as  it  arrives  from  the  shaft  and  carrying  it  to  the 
dump  box,  the  second  in  returning  the  bucket  to  the  head  of  the  shaft 
and  there  dropping  it  to  the  bottom.     As  the  carrier  returns  down 
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the  Hoven-eigbths  inch  cable,  the  hook  to  which  is  attached  the  bucket 
occupies  the  position  indicated  by  the  solid  line.  The  cam,  A,  lies 
horizontally  and  is  held  firmly  in  this  position  by  the  dog,  B,  the 
weight  of  the  bucket  pressing  the  notch  of  the  cam  against  the  point 
of  the  dog,  yi  When  the  carrier  reaches  the  head  of  the  shaft  the 
end,  c,  of  the  dog  strikes  the  block,  D,  and  frees  the  point  of  the  dog 
from  the  notch  of  the  cam.  The  front  of  the  cam  now  occupies  the 
position  indicated  by  the  dotted  line,  and,  as  the  bucket  sinks  into  the 
shaft,  is  pressed  against  the  block,  since  the  carrier  tends  to  move 
backward.  Thus  as  the  bucket  sinks  with  the  hook  on  the  one>half 
inch  cable  the  carrier  is  held  firm. 

As  the  bucket  rises  from  the  shaft  or  pit,  the  strain  is  toward  the 
engine,  and  the  lower  end  .of  the  dog,  e^  still  prevents  the  apparatus 
from  moving. 

When,  however,  the  cam,  A,  by  the  upward  movement  of  the 
bucket,  reaches  the  horizontal  position  indicated  by  the  solid  lines, 
the  point  of  the  dog,/*,  jumps  into  the  notch,  lowering  at  the  same 
time  the  point,  <?,  which  allows  the  carrier  to  move  up  the  seven- 
eighths  inch  conveying  cable,  and  also  once  more  secures  the  cam  in 
its  horizontal  position. 

The  block  attached  to  the  cable  is  held  in  a  vertical  position  by  a 
suspended  log  or  block,  which  insures  its  engaging  with  the  dog. 

By  this  system  of  working,  if  the  self -dumping  rig  handles  250  of 
the  30-pan  buckets  in  ten  hours  or,  roughly,  60  cubic  yards,  the  plant 
will  necessitate  the  employment  of  12  men,  namely,  2  firemen,  1  hoist 
man,  1  point  man,  and  6  men  shoveling  and  wheeling,  beside  the  fore- 
man. The  ordinary  set-up  of  the  self-dumper  is  shown  in  fig.  13. 
The  boiler  used  for  generating  the  steam  for  points  at  night  is  used 
for  running  the  hoist  in  the  daytime.  In  running  from  15  to  20 
points  at  night  it  will  burn  a  cord  of  wood,  and  in  hoisting  in  the 
daytime  will  burn  from  one-half  to  1  cord  more.  The  total  daily 
twenty-four-hour  expense  can  not  be  brought  below  $130  and  will 
probably  amount  to  $150.  It  is  evident  that  with  such  a  plant  the 
tenor  of  the  gravel  must  amount  to  at  least  $2.60  to  the  cubic  yard  to 
pay  any  profit  at  all,  exclusive  of  washing  in  the  spring,  and  should 
be  4  cents  to  the  pan,  or  $5.20  to  the  yard,  to  pay  a  profit  which  com- 
pensates for  operating  in  so  remote  and  expensive  a  country.  The 
cost  of  washing  in  the  spring  is  in  general  from  50  cents  to  $1  per 
cubic  vard. 

The  winter  dumps  are  piled  in  a  conical  heap  around  the  gin  pole, 
to  which  the  trolley  cable  of  the  self-dumper  has  been  attached  while 
the  dumping  is  in  progress.  In  laying  out  the  space  for  the  dump, 
the  string  of  boxes  in  which  the  gravel  is  to  be  washed  during  the 
following  spring  is  so  laid  that  it  will  bisect  the  proposed  cone,  having 
its  proper  grade  and  length.     When  the  spring  opens  the  dump  is 
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easily  shoveled  into  the  boxes,  from  both  sides,  beginning  at  the  lowest 
point  and  working  upward.  Boards  are  generally  laid  over  the  top 
of  the  boxes,  and  a  portion  of  the  gravel  rests  on  these.  The  boards 
are  taken  off  as  the  work  of  shoveling  in  progresses. 

The  expenses  of  winter  work  are  much  greater  than  those  for  sum- 
mer, and  the  tenor  of  the  gravel  must  in  consequence  be  much  higher. 
In  the  first  place  it  is  to  be  remembered  that  the  gravel  dumped  in 
winter  must  be  all  rehandled  in  the  spring.  In  thawing  also  the 
amount  of  steam  used  in  winter  is  greater  than  in  summer,  and  all 
pipes  and  hose  conveying  steam  both  above  and  underground  must  be 
coated  with  asbestos  or  other  nonconducting  material.  On  the  other 
hand,  laljor  is  generally  cheaper  in  winter  than  in  summer,  and  the 
possibility  of  striking  thawed  streaks  of  ground  is  much  less. 

DRIFTING  IN  THE  FAIRBANKS  DISTRICT. 

As  has  been  stated,  the  only  mining  practiced  at  Fairbanks  is  creek 
mining.  In  the  open  season,  although  the  bulk  of  the  ground  can  be 
worked  by  drifting,  a  smaller  proportion  is  workable  by  open  cutting. 
B}^  far  the  larger  portion  of  the  ground  must  be  worked  by  drifting 
on  account  of  the  depth  to  bed  rock  and,  in  many  cases,  the  thinness 
of  the  pay.  The  ground  is  in  the  main  frozen,  but  thawed  streaks 
occur.  The  gravels  are  of  the  angular  and  subangular  character 
which  marks  all  the  gravels  deposited  in  recent  time  in  the  northwest. 
The  angularity  is  more  pronounced  than  in  the  Birch  Creek  district 
or  the  Klondike. 

One  characteristic  feature  of  the  Fairbanks  gravel  1ms  an  important 
bearing  on  the  method  of  thawing  the  frozen  gravel.  This  is  the  fact 
that  while  the  layer  of  so-called  muck  is  comparatively  thin,  from  2 
to  7  feet  in  the  workings  on  the  creeks  themselves,  exclusive  of  the 
slopes,  the  gravels,  which  are  from  6  to  15  feet  in  thickness,  do  not 
carry  pay  throughout  their  section,  but  only  in  the  lower  part.  The 
pay  is  sometimes  as  thin  as  0  inches  in  the  gravel,  and  rarely  exceeds 
8  feet.  It  is  then  frequently  necessary  to  take  only  a  portion  of  the 
gravel  down,  and  to  run  the  drifts  as  low  as  possible,  i.  e.,  not  to 
exceed  8^  feet.  To  do  this  economically,  and  so  that  the  top  and  y)ar- 
ren  gravel  will  not  y)e  continual  I}';  caving  and  falling  during  the  drift- 
ing, the  ground  must  either  be  timbered  or  the  method  of  steam 
thawing  must  be  abandoned.  Another  reason  why  the  method  of 
steam  thawing  has  a  limited  application  in  the  Fairbanks  district  is  the 
fact  that  the  gravel  is  very  argillaceous  in  its  pay  portion,  and  the 
thawing  and  drying  with  the  steam  result  in  a  baking  of  the  groimd. 
Thus  the  gravel  which  was  frozen  becomes  in  its  dry  state  cemented, 
and  the  dithculty  of  getting  it  out  is  not  avoidi^d  but  only  lessened. 

Thawing  by  means  of  hot  water  driven  through  a  force  pump  and 
conducted  to  the  bank  by  means  of  cotton  hose  and  piped  against  the 
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Iwink  })y  means  of  a  small  fireman's  nozzle  is  the  most  successful  method 
which  has  been  so  far  tried  to  thaw  ground  under  the  above-mentioned 
conditions.  As  regards  the  heating  of  the  water,  the  system  adopted 
at  Fairbanks  is  to  conduct  the  exhaust  steam  of  the  pump  back  into 
the  suction  of  the  pump  as  it  draws  water  from  a  sump  alongside  of  it. 
This  has  been  found  more  effective  than  simply  turning  the  exhaust 
pipe  directly  into  the  sump  itself.  The  water  used  is  sometimes  sup- 
plied in  sufficient  quantity  from  the  mere  seepage  from  the  ice  mixed 
with  the  thawed  gravel.  But  sometimes  it  will  have  to  be  introduced 
in  the  pit  in  small  quantity.  On  the  other  hand,  especially  where 
thawed  streaks  occur  naturally  in  the  gravel,  the  water  must  be  pumped 
out.  This  is  done  by  the  same  pump  used  for  the  hydraulicking,  with- 
out changing  its  position. 

This  method  of  thawing  by  hot  water  piped  against  the  bank  has  two 
advantages.  The  strongest  appears  to  be  the  fact  that  gravel  thawed 
by  this  method  can,  as  it  were,  be  selected  in  the  face,  and  no  higher 
gravel  than  may  be  profitable  need  be  taken  down.  The  portion  of 
the  gravel  above  the  part  taken  down  remains  solidly  frozen,  and  con- 
sequently the  roof  of  the  drift  or  wide  stope  does  not  cave  any  worse 
than  does  the  roof  of  solid  muck  in  drifting  operations  where  all  the 
gravel  in  its  complete  vertical  section  is  extracted.  Another  advan- 
tage is  that  the  gravel  is  moved  from  its  original  position  farther  than 
by  steam,  and  if  it  contains  clay  the  clay  has  less  opportunity  to  bake 
and  cake  than  with  steam  thawing,  and  the  amount  of  hand  work  in 
picking  down  the  gravel  is  lessened. 

A  serious  objection  to  thawing  by  hot  water  may  justifiably  be  raised 
in  cases  where  the  bed  rock  consists  of  large  slabs  of  schist,  into  which 
the  gold  sinks  from  1  to  4  feet  and  even  more.  In  such  a  case  the 
water  can  not  be  piped  to  reach  all  the  frozen  gold-bearing  material. 
Although  I  am  not  aware  that  a  combination  of  the  hot-water  and 
steam-thawing  methods  has  been  tried  in  such  a  case  as  the  above,  it 
seems  not  impossible  that  such  a  combination  would  be  the  most  eco- 
nomical. On  the  other  hand,  where  the  bed  rock  consists  pf  finely 
comminuted  schist  or  softened,  thoroughly  rotten  rock,  even  should  the 
gold  be  found  in  it  to  the  depth  of  2  feet,  there  can  be  no  valid  objec- 
tion to  the  hot-water  hydraulicking  method.  Iti  the  Nome  district 
of  Seward  Peninsula,  where  the  hot-water  method  was  tried,  it  was 
found  that  the  water  finally  bec«ma^b  thick  with  sediment  to  be  used 
in  the  pump,  and  the  system  was  abandoned. 

A  minor  recommendation  for  the  use  of  the  hot-water  method  is  the 
fact  that  all  the  unpleasantness  of  the  steam  method,  which  fills  the 
workings  with  steam,  creates  dampness,  etc.,  is  obviated,  and  the  walls 
and  roof  of  the  drifts  are  dry,  while  ditches  cut  in  the  bed  rock  on 
grade  to  the  pump  sump  can  be  so  cut  as  to  prevent  the  floors  from 
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l)(»ing  wet.  The  ubscuiiity  of  the  air  in  the  workings  b}*  Ntoaiii,  cspc- 
ciiill y  in  the  eiPi'ly  iMirt  of  the  day  shift,  is  frequently  a  source  of  dim- 
^v\\  as  the  roof  can  not  ])e  watched  so  closely  as  it  could  were  the  air 
clear,  and  consei[iientIy  slabs  of  the  roof  that  are  ready  to  fall  cau  not 
]>e  easily  seen,  so  that  the  liabilit}^  that  men  will  lie  crushed  is  greater. 

I  should  esp(?'<*ially  recomnicind  the  method  of  hot-water  thawing 
to  the  (u)nsideration  of  the  miners  of  Cle^ry  and  Pedro  creeks,  while 
on  Fairlianks  Creek,  as  hitherto  developed,  the  method  of  thawing 
with  steam  |X)ints  seems  more  applicable. 

In  the  Fairbanks  district  shafts  sunk  for  work  in  the  summer  time 
are  in  nearly  all  cases  timl>ered,  either  wholly  or  jwrtially.  In  very 
deep  shafts,  as,  for  example,  on  the  left  bank  of  Cleary  Cre^k  near 
the  junction  with  Chatham,  where  40  feet  or  more  of  solid  muck  is 
encountenHl,  tim])(»ring  does  not  appear  to  Ik?,  always  necessary  through- 
out the  whole,  of  the  shaft.  The  nmck  forms  a  wall  which  resembles 
in  its  consistency  a  wall  of  solid  ice,  and  in  working  throughout  a 
season  of  four  months^  with  the  shaft  in  consUint  use,  there  will  be 
little  caving  of  the  walls.  All  shafts  that  extend  "20  feet  or  less,  how- 
ever, esiK^cially  where  gnivel  comiK)ses  half  or  moro  of  the  sei^tion — 
shafts  intended  for  working  out  a  block  of  ground,  conducting  stc^uu 
connections,  pump  connections,  and  connections  for  hoisting — should 
be  securely  timlKMed. 

In  view  of  the  local  <*onditious,  the  following  method  of  timbering 
appears  the  most  satisfactory.  After  the  hole  is  sunk  to  the  required 
(Irpth  l)v  thawing,  a  sijuare  set  with  r»-f()()t  centers  oi-  should  the  shaft 
))e  4  by  ii  feet,  of  this  dimension  is  put  in  ;it  the  l)ottom.  Three- 
inch  pole  lagging,  with  cross  sets  of  ♦l-inch  timbers  inside  at  ({-foot 
intervals,  is  carried  uj)  to  the  collar.  Inside  the  s(»ts  ♦>-  or  12-foOt 
poles,  Clinch,  are  nail(*d  in  the  four  corners  to  the  eross  sc^ts.  Moss  is 
laid  up  i)utside  the  poKi  lagging,  as  dry  as  [)<)ssil)le,  and  [)acked  against 
the  gravel  or  nuick  walls.  In  eases  where  it  is  inii)<)ssii)le  to  sink  with- 
out timbering  as  the  shaft  is  sunk  the  tiniberinir  i>  <'arried  down,  and 
the  lagging  is  driven  as  eacii  set  prognv^ses,  tiie  Mjuare  set  l)eing  put 
in  at  the  bottom  on  the  completion  of  the  shaft.  Shafts  timl)ered  in 
this  maniH»r  have  Ikmmi  found  to  stand  for  jxTJods  of  from  one  to  two 
years,  a>  long  as  the  work  in  the  Fairbanks  dJNtriet  has  been  in  prog- 
ress, and  there  is  no  reason  whv  tih'V  slioui<l  not  stand  much  louirtM*. 
Tiniberinu' of  tlii.>  sort  can  be  doiH'  for  the  ni(»st  i>ar't  with  tlieor<linarv 

*  « 

cord  wood  delivered  for  fuel,  and  this  is  much  the  chi'aj)est   method 
available. 

The  cribbing  nuMhod  is  sometimes  adopted,  aeeoiii|)ani(Hl  by  the  same 
packing,  with  moss  outside  the  cribbing.  It  is,  howevi'r,  more  expen- 
>i\e,  and  in  a  shaft  of  considerable  de])th  is  niu<h  more  likelv  to  ifct 
ont  of  plumb  in  this  frost-ridden  country. 
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In  the  Fairbanks  district  it  hjis  not  vet  Iwen  found  necessary  to 
tini)>er  the  underground  workinji^s  to  any  ^rcat  extent.  The  main 
runway,  if  it  is  to  Ixj  usexl  for  the  whole  season  or  for  a  [K»riod  exceed- 
ing a  month,  should  be  timl>ered  for  safety.  Six-foot  sets  of  posts  and 
caps  only,  with  lagging  over  the  roof,  are  generally  sufficient.  Pole 
lagging  is  cheaper  and  more  advisable  than  split  lagging.  The  caving 
system,  working  always  toward  the  shaft,  allows  the  faces  to  be  carried 
forward  without  timl)ering  of  the  stojMis.  The  elabomte  timl>ering 
methods  necessary  in  the  Klondike  benches  and  in  many  ])arts  of  Cali- 
fornia in  drifting  operations  are  happily  not  needed  in  this  portion  of 
Alaska,  and  are  not  likely  to  be  reijuired  in  any  extension  of  the 
Xanana  area.  No  cavse  has  been  seen  in  the  operations,  as  thus  far 
developed,  where  false  sets  were  carried  in  taking  out  the  gravel. 
When  the  operations  at  Fairbanks  In^come  more  (extensive,  however, 
and  drifting  is  carried  on  more  systematically  with  wide  faces,  it  is 
very  likely  that  the  workings  will  reciuire  timl)ering.  At  present  it 
is  not  possible  to  give  the  cost  of  this  work,  as  the  tigures  were  not 
obtainable. 

ITYDRAUWC  MINING. 
GENERAL  REMARKS. 

The  hydraulic  methml  of  working  gold  gravel  dejwsits  is  the  most 
economical  method  from  the  st4indix)ints  of  power,  capacity,  and  hihor. 

It  is,  on  the  other  hand^  exceedingly  wasteful  of  water,  and  the  topo- 
graphic conditions  under  which  it  may  be  successfully  and  i)rofitably 
conducted  are  not  of  common  occurrence,  even  inmountainousdistricts.'' 

The  hvdmulic  method  of  minin<^  was  invented  bv  Edwanl  E.  Matt.<»- 
son,  a  native  of  Sterling,  Conn.,  and  applied  by  him  to  the  auriferous 
gravels  in  California  in  1852.''  One  or  more  jets  of  water  under 
pressure  are  thrown  from  a  pipe  or  pipes  with  great  velocity  against 
the  face  of  a  gravel  bank,  and  the  gravel  is  loosened  l^y  the  stream  so 
that  it  falls  or  "'caves.'"  The  gravel  is  struck  with  sufficient  force  to 
be  disintegrated  and  broken  up  so  that  it  can  be,  carried  by  th(»  current 
into  the  sluice  if  the  bed  rock  has  a  sufficient  grade.  For  assistance^  in 
moving  and  washing  the  gravel  after  it  leaves  the  bank,  additional 

n  The  amount  of  water  uf>cd  In  hydraulicking  is  tihown  by  the  fitllowint;  illii<>trntioii:  Tlini*  hun- 
dred million  gallons  of  water  a  day  are  use<i  at  present  for  the  wipi>ly  i»f  (ireater  New  York  ('ity.  (»r 
'2e;,<i6n  miner's  inchen.  of  twenty-four-hour  service.  Taking  the  duty  of  an  inch  at  '2  cubic  yards,  and 
a  tenor  <»f  l^  cents  in  gold  prr  cubic  yard,  the  above  amount  would  supply  only  VA  hydniulic  mines, 
each  using  2.0»)0  miner's  inclu's  under  head.  The  total  amount  of  gravel  wnshc<l  wouhl  l>e  f>2.0(»0 
cubic  yards  per  day.  and  the  prcxlucl  87,SiW:  or  (with  a  sciL»*on  of  <ine  hundred  an<l  twenty  days) 
annually,  r»,210,00(»  cubic  yanls,  and  a  pro<luct  of  giWC.OOO.  an  amount  not  startlingly  large,  consider- 
ing the  magnitude  of  the  operations  involvt»<l. 

It  is  to  be  exiKi't^Ml  that  jhtsous  with  a  limited  knowledge  of  hydraulic  mining  will  object  to  the 
low  eajmeity  and  short  seas<^n  assumed  in  the  above,  but  operators  of  long  exiwrience  will  realize 
that  the  conditions  and  resulbi  are  assumed,  if  anything,  more  favorable  than  is  found  in  average 
jiraetice. 

ft  Whitney,  J.  I).,  The  auriferous  gmvels  of  the  Sierra  Nevada  of  California:  Mem.  Mus.  ('omp. 
Zool.  Harvarrl  C«»ll..  vol.  (>.  IKSO. 
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water  is  frequently  used  under  slight  heiid,  and  is  known  as  "  bank 
head"  or  '* by-wash"  water.  Various  devices  for  more  easily  disinte- 
grating the  bank  and  for  disposal  of  the  large  bowlders  and  of  tailings 
where  natural  gi*ade  is  lacking  will  be  later  discussed. 

In  California  the  application  of  hydraulic  mining  spread  with  great 
rapidity,  especially  within  the  drainage  basins  of  San  Joaquin  and 
Sacramento  rivers.  This  method  was  adopted  also  in  other  portions 
of  the  western  United  States  and  in  other  parts  of  the  world,  particu- 
larly in  Australia  and  New  Zealand.  In  the  part  of  California  referred 
to,  extensive  operations  ceased,  not  because  the  gravel  deposits  were 
exhausted,  but  because  of  economic  considerations  other  than  those  of 
mining.  The  passage  of  an  act  of  Congress  in  March,  1893,  entitled 
''An  act  to  create  the  California  Debris  Commission  and  regulate 
hydraulic  mining  in  the  State  of  California,"  sounded  the  death  knell 
of  the  huge  mining  operations  which  had  changed  the  topography  and 
blanketed  many  square  miles  of  arable  lands  in  the  San  Joaquin  and 
Sacramento  valleys  with  gravel  tailings. 

The  comments  of  J.  D.  Whitney,^  written  in  1880,  concerning  the 
application  of  hydraulic  mining  to  California  conditions,  areas  fellows: 

It  is  owing  to  a  happy  combination  of  favorable  circumstances  that  the  nystem  of 
hydraulic  mining  has  been  so  successful  on  the  slopes  of  the  Sierra  Nevada.  That 
the  peculiar  set  of  conditions  which  makes  hydraulic  mining  possible  is  not  often 
met  with  is  sufficiently  proved  by  the  facrt  that  this  system,  which  seems  so  admira- 
bly a(iapted  to  the  needs  of  the  Californian  gravel  minors,  has  hardly  been  at  all  suc- 
cessful in  any  other  region.  It  has  In^en  tric<]  again  and  again  in  the  southern 
Unite<l  States  with  almost  unvarying  loss;  and  even  in  Australia,  wliere  the  mode  of 
occurrence  of  the  gold  is  in  many  respects  so  similar  to  what  it  is  in  California,  there 
are  few  districts  where  the  hydraulic  method  can  be  applieil. 

The  first  great  need  of  the  hydraulic  miner  is  an  abundance  of  water  and  with  a 
considerable  "head,"  so  that  the  stream  may  issue  with  sufficient  velocity  from  the 
pipes. 

An  abundance  of  water  can  ncjt  be  secured  without  extensive  enginet»ring  opera- 
tions and  the  expenditure  of  a  large  amount  of  money.  Extensive  reservoirs  must 
Ix?  constructed  by  building  dams  across  the  outlets  of  the  mountain  valleys,  so  as  to 
impound  the  water  coming  from  the  melting  of  the  winter's  snow  on  the  high 
Sierra,  and  the  necessary  (^nals — or  ditches,  as  they  are  universally  called  by  the 
miners — must  lx»  excavated  to  carry  the  water  to  the  points  whcrt*  it  is  neeiled  for 
use.  The  loqg,  rapid,  and  rather  uniform  sIoik*  of  the  Sierra,  in  the  mining  dis- 
tricts, makes  ft  possible  almost  everywhere  to  ciirry  the  ditches  with  such  a  grade 
and  in  such  a  position  as  to  allow  tlie  water  to  be  taken  from  them  at  a  sufficient 
elevation  to  give  the  necessary  head  at  the  point  of  working.  The  great  elevation 
of  the  important  gravel  masses  and  the  deep  canyons  into  which  the  whole  mining 
region  is  cut  up,  afford,  in  almost  every  locality,  the  necessary  facilities  for  arrang- 
ing the  sluices  and  disposing  of  the  tailings. 

A  need  equally  as  great,  not  sufhcieiitly  emphasized  by  Whitney,  is 
ado(iuate  grade  or  slope  of  the  })ed  rock  for  the  moving  of  material. 
Experience  has  shown  that  the  lightest  grade  of   stieani   bed   upon 

«Lw.  cit.,  p.  (i2. 
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wh'uh  hydraulic  operations  may  safely  bo  undertaken  is  '220  feet  to 
the  mile. 

The  above  statements  regarding  hydraulic  mining  are  as  worthy  of 
consideration  to-da}"  as  when  they  were  written.  Bench  deposits,  as 
already  defined,  are  those  above  all  others  to  which  the  hydraulic 
methofl  is  most  likely  to  be  successfully  applied,  because  adequate 
grade  for  the  disposal  of  tailings  can  be  secured.  Deposits  in  the 
beds  of  present  streams,  on  the  other  hand,  are  exploitable  by 
hydraulicking  to  a  far  less  extent.  In  Alaska  extensive  bench  depos- 
its do  not  oc€ur,  even  in  the  alpine  districts  of  the  south  coast,  and, 
moreover,  where  auriferous  benches  are  found  they  are  not  backed  by 
high  mountains  from  which  the  water  under  pressure  can  he  obtained. 
The  l)ench  deposits  of  Alaska  are  not  characterized  by  great  thickness 
as  are  those  of  California.  A  depth  of  10  feet  of  auriferous  gmvel 
with  20  feet  of  overlying  barren  silt,  or  a  total  of  80  feet,  is  a  not 
uncommon  condition  in  Alaska,  while  in  California  gravel  banks  of  75 
to  500  feet  in  thickness  occur  and  have  been  worked  by  hydraulick- 
ing. The  hydraulic  operation  shown  in  Pi.  XV,  Ji  (p.  92),  is  on  a  lake 
bed,  locally  formed  in  a  portion  of  Silver  Bow  basin,  «Juneau  district. 

The  hydraulic  principle  implies  the  breaking  down  of  all  the  allu- 
vial material  by  water  under  pressure,  the  cheapest  power.  It  is  evi- 
dent that  unless  the  gold  is  distributed  throughout  the  vertical  section 
of  the  alluvial  deposit,  as  well  as  on  and  in  the  bed  rock,  the  greatest 
amount  of  material  is  hydmulicked  off  at  a  loss.  In  general  the  pay 
dirt  in  Alaska  composes  less  than  15  per  cent  of  the  bank,  measured 
vertically.  In  California  gravels,  on  the  other  hand,  much  more  fre- 
quently a  small  amount  of  gold  occurs  throughout  the  whole  bank. 

In  Alaska  attempts  have  been  made  to  work  very  shallow  ground, 
in  some  cases  of  5  feet  section,  by  hydraulic  methods  involving  the 
construction  of  ditches  and  installation  of  machinery  at  a  cost  of 
$100,000  and  over.  Unless  the  gravels  worked  were  much  richer  than 
previous  workings  in  the  vicinity,  it  w^as  impossible  to  see  how  the 
enterprise  could  by  any  means  be  profitable.  Simple  mechanical 
plants,  requiring  a  comparatively  small  investment,  could  have  handled 
the  small  body  of  gravel  fully  as  fast  and  in  the  long  run  more  cheapl3\ 
It  is  undoubtedly  true  that  many  men  are  deterred  from  installing 
really  economical  plants  of  a  mechanical  nature  by  the  desire  to  apply 
the  spectacHilar  methods  of  the  hydraulic  miner,  without  regard  to  the 
existing  conditions. 

A  word  should  be  said  about  the  application  of  power  to  produce 
pressure  for  hydraulicking."  Several  plants  where  this  principle  is 
applied  have  been  visited  in  Alaska  and  the  neighboring  British  terri- 
tory.    Nine  plants  were  seen  and  it  was  not  clear  that  any  plant  pump- 

a  These  stalementB  do  not  refer  to  the  hot- water  method  of  hydraulicking  frozen  gravel. 
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ing  water  for  hydraulic  mining  was  making  expenses.  Some  Nome 
operators  are  of  the  opinion  that  if  crude  oil  can  be  obtained  for  $2  a 
barrel  the  gas  engine  can  be  profitably  used  to  hydraulic  certain  rich 
patches  of  the  coastal  plain  gravels,  using  50  to  60  pounds  pressure  at 
the  nozzle.  Only  under  the  most  exceptional  conditions  would  such 
an  application  of  the  hydraulic  method  be  profitable.  It  may  be  truly 
said  that  95  per  cent  of  all  attempts  to  pump  water  in  hydraulic  gravel 
mining,  in  whatever  portion  of  the  world  they  have  been  tried,  have 
been  failures.  The  miner  who  contemplates  such  an  operation  in  a 
remote  region  whero  coal  costs  $30  a  ton  or  wo<k1  $15  a  cord  had  better 
first  exhaust  the  possibilities  of  all  other  methods  of  moving  gravel 
which  circumstances  or  ingenuity  can  suggest. 

It  must  not  be  assumed  that  the  tenor  of  the  gravel  in  Alaska  is 
greatly  above  that  of  the  auriferous  gravels  formerly  worked  so 
extensively  in  California,  especially  where  it  is  necessary,  as  in  hj^drau- 
licking,  to  distribute  the  value  contained  in  the  thin-bottom  pay  streak 
throughout  the  whole  of  the  vertical  section  of  gravel  which  must  be 
moved.^  There  is  a  widespread  opinion,  amounting  to  a  dictum,  that 
the  hydraulic  method  should  be  installed  in  preference  to  others 
wherever  there  is  the  slightest  chance  for  its  success.  That  this  chamre 
is  small  in  the  hitherto  developed  ]X)rtions  of  Alaska  the  present 
account  will  make  clear.  Capital  invested  by  the  miner  in  expensive 
water  conduits  in  Alaska  is  not  recoverable  except  from  the  profit  on 
his  openitious.  The  ditch  builder  can  not  enter  the  domain  of  com- 
merce and  sell  his  water  or  the  power  generated  thereby,  as  do  many 
of  the  water  companies  in  populous  agricultural  and  industrial  com- 
munities. In  rare  instances  only  can  he  even  sell  it  to  miners.  On 
the  exhaustion  of  his  own  auriferous  ground,  his  ditch  and  plant 
becomes  practically  valueless. 

While  hydraulicking  river  and  creek  beds  in  Alaska  with  the  neces- 
sary accompaniment  of  some  form  of  lifting  operation  for  the  tailings 
is  not  to  be  entirely  decried,  it  should  l)e  undertaken  with  extreme 
caution.  The  ever-present  danger  of  floods  and  the  expense  of  wing 
dams  must  be  considered.  The  tailin<jfs  will  h(»  raised  bv  the  water  lift 
primarily,  and  the  method  of  using  this  in  gmvel  mining  will  be  fully 
described.  The  operator  should  bear  in  mind,  however,  that  the 
introduction  of  the  water  lift  decreases  })y  over  r»()  per  cent  the  duty 
of  the  unmodified  hvdraulic  method  as  above  descri])ed;  also  that  the 


«For  oxample.  Whitney  stnU's  (loc.  cit.,  p.  US)  that  the  urea  hydranlicki^l  ofT  at  Todd«  Valley. 
Plaeer  County.  Cal.,  wax  1  mile  by  one-fourth  mile  in  area,  and  the  jrravel  from  85  to  75  feet  in  tliiek- 
iwsa,  a  total  of  nearly  9,000,000  yards,  with  an  estimated  yield  of  S4,000,0(X).  oralK)Ul4-l  eeut«  i)er  cubic 
yard. 

At  the  Excelsior  claim,  ne^r  Placerville,  Eldorado  County.  (!al.,  20  acres  of  ground  were  wiushed 
off  with  an  average  thickness  of  from  40  to  (K)  feet  of  pay  gravel.  The  yield  was  estimated  at 
$5,0O0.lXX>.  alx)Ut  half  of  which  was  taken  out  by  drifting  and  the  otlier  half  by  liydninlicking.  Mr. 
Alders(»n.  the  principal  proprietor,  estimated  that  the  yield  of  the  Kxeilsor  gravel  was  81  per  cubic 
VHrd.  A  singk'  placer  claim  of  20  acres,  containing  sf»  large  an  amount  of  gold  as  the  Excelsior  claim, 
han  yvt  to  be  di^icovered  in  Alaska. 


PURINQTON.]  HYDBAULIC   MINING.  103 

use  of  the  ingenious  device  entails  a  new  set  of  difficulties  with  wliich 
his  previous  experience  in  hydraulic  mining  will  hardly  have  fitted 
him  to  deal.  An  unfortunate  instance  was  seen  in  one  of  the  remote 
districts  of  Alaska,  where  ^  hydraulic  elevator  of  5  tons  weight  had 
been  imported  at  a  cost  of  nearly  $2,000  and  was  found  useless  because 
insufficient  water  to  operate  it  was  obtainable,  although  a  ditch  and 
flume  line  had  been  constructed  at  a  cost  of  $15,000.  The  elevator 
lay  on  the  bank,  and  a  makeshift  had  been  improvised  from  a  piece  of 
sheet-steel  pipe  and  a  fireman's  brass  nozzle. 

That  hydraulic  operations  are  and  have  y)een  successfully  prosecuted 
in  Alaska  is  not  to  be  denied.  The  cautionary  remarks  which  have 
been  made  will  serve  as  a  reminder,  however,  that  the  moving  of  large 
l>odies  of  gravel  by  water  under  natural  head  is  not  always  as  cheaply 
accomplished  as  a  casual  inspection  of  such  operations  would  induce 
one  to  believe.  In  any  event,  a  hydraulic  installation,  under  condi- 
tions where  the  cost  of  leading  water  runs  into  the  thousands  of  dollars 
per  mile,  should  not  be  undertaken  until  due  consideration  as  to  the 
possibility  of  using  other  methods  has  been  given. 

DITCHES,  FLUMES,  AND  RESERVOIRS. 

In  tiible  8  an  attempt  has  been  made  to  show  in  concise  form  the  prin- 
cipal facts  regarding  the  construction  of  water  conduits  in  Alaska  and 
the  North.  So  great  was  the  extent  of  territory  covered  that  oppor- 
tunity for  measurements  and  calculations  was  only  occasional.  The 
statements  of  operators  were  generally  accepted;  they  were  rejected 
only  when  they  were  palpably  misleading.  When  not  otherwise  indi- 
cated, the  data  shown  were  supplied  by  the  operators.  When  the  data 
were  based  on  subsequent  estimates,  the  figures  are  starred. 

It  can  not  be  too  strongly  stated  that  the  tables  in  this  report  are 
based  on  statements  of  operators  and  are  not  the  result  of  detailed 
investigation  of  properties.  The  collection  of  data  for  this  report 
necessitated  the  covering  of  a  vast  extent  of  territory  in  four  months' 
time.  The  data  are  as  complete  and  as  nearly  accurate  as  the  cir- 
cumstances allowed.  F^stimates  based  on  the  cost  of  water  conduits 
as  given  below,  and  the  amount  of  water  available,  should  tiike  into 
consideration  the  degree  of  authority  which  attached  to  the  compilation. 
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Long  conduits  are  used  in  order  that  the  difference  in  elevation 
between  the  source  of  the  water  and  the  point  where  it  is  used  may 
afford  the  pressure.  The  length  of  the  conduit  will  depend  on  the 
slope  or  grade  of  the  surface.  In  regions  of  low  mountains  and  gentle 
slopes,  long  ditches  or  flume  lines  are  necessary.  In  steep  mountain 
regions  the  same  results  are  attainable  with  short  conduits. 

In  the  gravel-mining  districts  of  Alaska  examples  of  the  two 
extremes  are  found.  It  is  an  unfortunate,  but  at  the  same  time 
natural,  result  of  the  governing  geological  conditions,  that  to  obtain 
the  use  of  water  under  head  ditches  must  be  the  largest  in  the  richest 
and  most  promising  placer  districts  of  Alaska.  A  long  head  ditch  is 
expensive  both  to  construct  and  to  maintain.  That  the  expense  of 
such  undertakings  has  not  deterred  miners  from  attempting  them  is 
evidenced  by  early  California  operators,  where  single  companies  some- 
times built  more  than  100  miles  of  ditch  line.  Each  mile  of  ditch 
line  or  other  form  of  conduit  adds  from  $2,000  to  $15,000  to  the  initial 
capital  necessary  to  start  the  hydraulicking  operation,  and  increases 
the  annual  cost  of  ditch  maintenance. 

Some  of  the  precautions  which  apply  equally  well  to  any  country 
regarding  the  construction  of  water  conduits,  found  in  the  text-books 
on  hydraulic  mining,  may  well  be  repeated  here. 

Van  Wagenen*  says: 

When  the  miner  has  measured  the  stream  from  which  he  is  to  draw  his  water 
supply,  and  has  determined  the  point  where  he  will  tap  it,  he  is  prepared  to  con- 
sider the  question  of  water  channels.  These  may  be  of  three  kinds — the  ditch,  the 
wooden  flume,  and  the  iron  pipe.  *  *  *  It  is  generally  desirable  to  have  the 
least  possible  fall  in  a  water  channel,  or,  in  other  words,  to  bring  the  water  to  as  high 
a  iM)int  of  the  ground  to  be  worked  as  circumstances  will  allow.  As  the  friction  of 
the  sides  and  bottom  of  a  channel  retards  the  flow,  and  necessitates  a  higher  grade 
than  would  be  necessary  if  there  were  none,  it  becomes  of  importance  to  decrease 
this  element  as  much  as  possible.  On  this  score  wood  and  iron  waterways  present 
decided  advantages,  owing  to  their  comparative  smoothness.  In  any  case,  how- 
ever, the  quantity  of  friction  developed  depends  upon  the  wet  perimeter  of  the 
channel  used.    The  following  law  will  therefore  be  found  to  be  of  service: 

The  least  wet  peritneter  that  will  hold  or  carry  a  given  volume  w  attained  when  the  mdlh 
of  hoUomis  from  one  and  three-fourths  to  two  and  one-fourth  times  the  depth  of  the  sides. 

For  example,  a  channel  having  a  cross  section  of  510  square  inches  will  develop  the 
least  amount  of  friction  when  its  dimensions  are  15  by  34  or  17  by  30,  or  somewhere 
l)etween  these  measurements.  A  knowledge  of  this  fact  will  be  found  serviceable  in 
constructing  flumes.  The  least  perimeter,  of  course,  requires  the  least  luml)er,  and 
many  thousand  or  million  feet  may  be  saved  in  a  long  flume  by  building  in  the  cor- 
rect proportions. 

Bowie*  says: 

All  water  courses  on  the  line  of  the  ditch  should  be  secured.  Their  supply  par- 
tially counteracts  the  loss  by  evaporation,  leakage,  and  absorption,  and  frequently 
fumislien  an  additional  quantum  of  water  during  several  months  of  the  year. 

a  Van  Wagenen.  T.  F.,  Manual  of  Hydraulk*  MininR,  1«80,  p.  61. 

6 Bowie,  A.  J.,  jr.,  A  Practical  Treatise  on  Hydraulic  Mining  in  California,  1886,  p.  135. 
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At  pro|>er  intervals  waste  gates  should  be  arrange<l,  so  as  to  discharge  the  water 
when  necessary  without  risk  of  damage  to  the  ditch.  In  regions  of  heavy  snow 
these  wasteways  should  Ije  provided  at  intervals  not  greater  than  one-half  mile. 
*  *  *  Ditches  poorly  built  in  the  beginning  subeefjuently  require  large  and  con- 
stant expenditure,  and  lose  considerable  amounts  of  water 

George  H.  Evans"  says: 

At  the  different  points  along  the  line  of  race  where  fluming  has  to  be  resorted  to, 
allowance  should  be  made  for  an  increase  in  grade,  in  order  that  the  flume  can  be  con- 
structed of  much  smaller  dimensions  than  the  ditch  and  yet  carry  all  the  water 
required.  *  *  *  It  will  be  well  to  remember  that  practical  results  have  demon- 
strated that  in  onlinary  ground  the  water  should  travel  at  the  rate  of  from  180  to  200 
feet  per  minute.  Then  the  grade  will  be  determined  by  the  dimensions  of  the  diteh 
and  its  intended  carrying  capacity. 

The  above  quotations  may  be  considered  as  of  general  application, 
but  many  modifications  in  the  hitherto  accepted  practice  of  ditch 
building  have  been  found  advisable  in  Alaska,  and  will  be  referred  to, 
especially  in  the  description  of  the  practice  in  Seward  Peninsula. 
Regarding  the  capacity  of  open  conduits,  Bowie  makes  the  following 
statement: 

In  the  mining  districts  of  California  ditehes  are  constructed  badly,  with  steep 
grades  an<i  on  irregular  lines  with  numerous  sharp  curves.  The  cross  sections,  origi- 
nally uniform,  became  more  or  less  varied.  Absorption,  percolation,  evaporation, 
and  leakage  reduce  the  flow.  A  distinct,  reliable  factor  for  each  of  the  sources  of 
loss  can  not  well  be  incorporated  in  the  coefficient  of  discharge.  *  *  *  The  sim- 
ple forniiila  (<l=<ic\/rs  expresses  more  fitly  the  result  of  exi)erience  in  such  (!a9e8, 
wherein: 

C2  is  the  quantity  of  water  which  the  ditch  is  capable  of  carrying  in  cubic  feet  per 
second. 

a,  the  effective  area  of  cross  section  of  ditch,  as  originally  constructeil,  in  square 
feet. 

r,  the  hydraulic  mean  <lepth  in  feet. 

i*,  the  fall  of  surface  in  a  unity  of  length. 

c,  a  coefiicient  covering  all  common  losses. 

Statisti(!S  derived  from  exi>erience  on  the  Milton,  1^  Ciranger,  and  Bloomfield 
ditches  in  California  leil  to  the  adoption  of  values  of  the  coefficient  c  varying  from 
31  to  45,  in  estimating  the  capacity  of  ditches  in  heavy  gra<le8  of  40  miles'  length 
flowing  from  60  to  80  cubic  feet  per  second. 

The  Texas  Creek  branch  ditch  (of  the  North  Bloomfield  ditch)  is  about  seven- 
tenths  of  a  mile  long.  Its  sectional  area  is  13.5  feet  an<i  the  grade  is  20  feet  per  mile. 
The  sides  are  rough  an<l  the  curves  sharp.  With  a  flow  of  32. S  cubic  feet  per  second, 
the  ditch  runs  al)out  full.  The  value  of  r=33.  In  connection  with  this  ditch  there 
is  a  rectangular  flume  2.67  feet  wide  by  2.83  feet  deep,  made  of  unplaned  boanls,  set 
on  a  grade  of  32  feet  \)Qr  mile.  The  flume  has  some  sharp  but  regular  curves,  and 
the  water  from  the  ditch  runs  nearly  full  at  these  points.  With  the  discharge  32.8 
cubic  feet  per  second,  c=59. 

Although  the  los.ses  in  leading  water  in  Alaska  have  not  been  deter- 
mined by  exact  experiments,  it  is  likely  that  they  are  less  than  in  Cal- 
ifornia.    In  the  interior  the  value  of  c  for  ditehes  would  be  slightly 

«  Evans,  G.  H.,  Practical  Notes  on  Hydraulic  Mininiif.  San  Francijsci),  1M98. 
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higher  than  in  California,  while  in  the  ditches  made  on  gentle  slopes 
in  Seward  Peninsula  c  would  be  considerably  higher.  Its  value  can 
not  be  known  until  accurate  experiments  have  been  conducted  on  the 
various  ditch  lines. 

Kxamples  of  the  discharge  of  ditches  in  California,  given  by  Bowie, 
:iro  as  follows:^ 


Locality. 

Length. 

Grade. 

Slie. 

Dis- 
chaige. 

North  Bloomfield  . . . 
Dutch  Flat 

MilcB. 
55 

13 
20 

16  feet  per  mile 

13J  feet  per  mile  . . . 
7  to  8  feet  per  mile. 

8.65   feet    top  by  5 

feet  bottom  by  SJ 

feet  deep. 
6J  feet  top  by  4  feet 

deep. 
9  feet  top  by  6  feet 

bottom   by  4   feet 

deep. 

Miner's 
inches. 

3,200 
3,150 

IjSl  Granse 

2,400 

In  considering  ditches  and  ditch  building,  the  three  provinces  of 
Alaska,  namely,  the  South  Coast,  Interior,  and  Seward  Peninsula,  will 
be  taken  up  in  succession. 

SOUTH   COAST   PROVINCK. 

In  the  South  Coast  province  of  Alaska  the  topography  permits  a 
i-apid  increase  of  head  in  short  distances.  (See  PI.  XVI,  A^  p.  114.) 
The  ditch  line  of  the  Alaska-Treadwell  Gold  Mining  Company,  14  miles 
in  length,  delivers  water  from  the  penstocks  above  the  mill — to  which 
it  supplies  power — at  an  elevation  of  480  feet.  As  may  be  seen  from 
the  map  (fig.  19),  the  ditch  heads  in  Fish  Creek  1,000  feet  above  the  sea. 
The  water  at  the  upper  penstock,  midway  On  the  ditch  between  Doug- 
las and  Treadwell,  is  taken  out  at  an  elevation  of  600  feet  above  the 
sea.  The  distance  from  the  penstock  to  the  nozzle  is  only  1,500  feet 
on  slope,  and  it  may  easily  be  seen  what  advantage  is  gained  from  the  . 
steep  topography.  The  grade  of  the  mountain,  nearly  30  feet  in  100, 
is  such  that  were  a  sufficient  amount  of  water  available  in  one  of  the 
near-by  creeks  no  ditch  at  all  would  be  required.  The  water  could  be 
led  out  by  a  few  hundred  feet  of  flume  to  a  penstock,  and  a  pipe  line 
led  directly  from  this  to  the  mill.  The  Treadwell  ditch  line  is  com- 
posite, so  far  as  its  contained  water  is  concerned,  since  it  taps  suc- 
cessively Fish,  Eagle,  Cowee,  I^wson,  Paris,  Bullion,  and  Keady 
Bullion  creeks.  Its  length  is  not  extreme  considering  the  amount  of 
water  obtained,  but  it  is  considerably  greater  than  would  have  been 
necessary  if  all  the  water  could  have  l>een  obtained  from  a  single  creek 
or  river. 


a  Bowie,  op.  cit.,  p.  1^, 
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Thn  tipimi'ciit  exti-iionliimry  fall  of  tlii^  Tn'iidwoll  ditch  (over  ao  feet 
to  tlic  Tiiiicjiuiiy  Iw  lu'coimted  for  liv  I  lie  fnct  that  it  hiis,  at  itai-h  creek 
which  it  titps  ill  its  coiiiTii',  a  drop  off  of  '!  to  7  feet,  and  rt^Hervtiir.  in 
which  are  relief  j^teM,  aw  illiisti-ated  in  tlie  pliotojfraph  of  the  ditch  at 
Lftwsoii  Ci-eek,  (Sue  PI.  XVI.  fi.)  One  of  the 'waste  gales  shown 
on  PI,  XVI,  B,  i«  .5  feet  4  inches  wide;  the  other  is  ti  feet  7  inthes 
wide  mid  3  feet  'A  inches  deep.  'I'here  \a  u  sinaller  niixiliary  gate 
i  feet  fi  inches  wide  and  a  feet  deep. 

The  Treadwell  miiin  ditch  is  L4  miles  in  leuf^li,  and  is  supplemented 
by  4  miles  of  subsidiary  ditches."  The  iimtn  ditch  iieuds  in  Fish 
Creek,  and  its  supply  of  water  is  ol)tjiitic<l  successively  from  Ea^, 
Cowee,  Ijawsoii,  and  l*aris  creeks,  while  an  additional  ditch  brings  water 


'  from  Ready  Bullion  and  Bullion  creeks,     in  suniiiicr  tliewatc 
for  runniiiji  tlin  of  tlie  .SSn  stamii.-;  i)f  tlie  mills,  Imt  in  winter  it  is  not 
used  for  jrower  purposes.' 

The  main  dit<h  has  a  width  uf  7  feel  on  top  and  »'•  feet  on  the  bot- 
lom.  mid  a  depth  of  .'i  feet.  In  l!io4  conslruclion  was  gum^  on  in 
portions  of  the  ditch  line  as  follows:  Twelve-inch  i»<)-,ts.  in  sets  with 
y-fout  <-enlers.  were  beirit;  placed  almiif  the  insi<l.>  of  the  ditch,  leaving 

space  r.  feet  in  the  clear  at  hott* iil  4J  feet  in  tin-  clear  at  top.  with 

7-iiich  cup  lo<rs  4.S-  feet   Ix'tween  shoulders.      l.,:i'r<,'inj,'  split  ii  im-hes 
tliii'k  and   4  feet  wide  w.its  laid  inside  the  posis.     .\li)ss  and  sod  wore 
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then  filial  iu  between  the  lagging  and  the  side  of  the  ditch,  poles  laid 
lengthwise  over  the  caps,  and  sod  laid  over  the  whole.  Fliuning  has 
been  found  very  unsatisfactory  at  the  Treadwell.  The  flume  was 
banked  with  sod  on  sides  and  top.  Anchor  ice  in  winter  collected  in 
the  ))ottom  of  the  flume,  and  was  removed  with  great  difticulty. 

The  Treadwell  ditch  for  long  distances  is  bridged  with  poles  and 
brush,  which  in  many  places  are  covered  with  sods.  Sodding  is  said 
to  be  the  best  preventive  against  freezing,  not  only  here,  but  in  all 
parts  of  Alaska. 

The  pressure  boxes  are  connected  with  the  ditch  by  flumes  35  feet 
long,  5  feet  wide,  and  3  feet  deep.  The  water  first  enters  a  gravel 
tank  which  is  cleaned  twice  a  year.  This  tank  is  built  of  2-inch  lum- 
ber and  is  8  feet  wide  by  9  feet  long  and  14  feet  deep.  From  the  tank 
the  water  flows  through  a  4-foot  section  of  flume  3  feet  3  inches  wide,  the 
bottom  of  which  is  only  5  feet  below  the  top  of  the  tank,  into  the  main 
penstock.  This  is  11  feet  long  by  9i  feet  wide,  inside  measurement, 
and  14  feet  deep.  It  is  built  of  3-inch  lumber,  with  8-  by  10-inch  posts, 
sills,  and  caps,  with  4-foot  centers.  The  penstock  is  fitted  with  a 
wooden  inclined  grizzly  to  catch  any  leaves  or  refuse  that  pass  the 
gravel  trap.  The  penstock  and  sand  trap  combined  make  a  structure 
20  feet  6  inches  long  by  10  feet  10  inches  wide  by  14  feet  deep,  out- 
side measurement.  The  penstock,  as  illustrated  in  PI.  XVII,  yl,  is 
banked  halfway  up  the  sides  with  sod,  and  the  pipe  line  leading  from 
it  is  (covered  with  sod.  The  sand  trap  is  provided  with  a  sluicing-out 
gate  on  the  side  opposite  that  shown  by  the  photograph." 

PI.  XVII,  Z^,  illustmtes  a  method  of  guying  the  pressure  box  on 
steep  slope,  in  use  by  the  American  Gold  Mining  Company  in  Silver 
Bow  ba.sin,  Alaska.  The  intake  of  the  pipe  line  is  protected  by  shed 
from  heav}'  snows. 

As  water  is  in  use  for  placer  mining  only  during  the  open  season, 
few  instances  were  seen  in  Alaska  of  attempts  to  sod  up  the  ditches 
and  connections  to  prevent  freezing  in  winter.  At  the  Treadwell, 
however,  the  water  is  used  for  generating  power.  Pipe  lines, 
especially  in  Seward  Peninsula,  are  frequently  sodded  over,  as  much 
for  protection  against  rust  as  to  prevent  freezing. 

In  Silver  Bow  basin,  east  of  Juneau,  ditching  has  been  found  imprac- 
ticable and  all  conduits  are  flumed.  In  general  in  southeastern  Alaska 
fluming  will  be  found  cheaper  than  ditching,  as  ditches  would  have  to 
be  cut  in  solid  rock  for  the  most  part,  and  in  numerous  places  the 
mountain  slopes  are  so  steep  as  to  render  their  construction  impossible. 

a  See  Bowie,  A.  J.,  jr.,  A  Practical  Treatise  on  Hydraulic  Mining  in  Califonila,  1885,  p.  177,  for  plan 
and  elevation  of  North  Bloomfleld  pressure  box. 
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The  flumo  of  the  Jual])a  Cloiiipany/'  one- half  mile  northeast  of 
Juneau,  is  shown  on  PL  XVIII,  A,  The  water  is  taken  from  Gold 
Creek,  the  heiul  gate  being  1>  by  8  feet.  The  flume  is  4,t>00  feet  in 
length,  and  has  a  grade  of  li  inches  in  ICy  feet,  or  34.3  feet  to  the 
mile.  It  is  4  feet  8  inches  square,  inside  measure;  the  bottom  and 
side  boards  are  2  inches  thick,  planed  inside,  and  battened  with  3-  by 
i-inch  lumber;  there  are  4  collars  to  a  box  of  12  feet;  each  alternate 
collar  consisting  of  a  5-  b}^  5-inch  sill,  8  feet  long;  two  posts  4  by 
6  inches  b}'  5^  feet  high,  with  a  gain  of  one-half  inch  into  sill,  and 
two  ciips  of  2-  by  4-inch  pieces  nailed  to  the  sides  of  the  posts  above 
the  cover  boards.  The  yokes  are  braced  with  2  b}-  12's.  These  col- 
lars have  6-foot  centers,  and  alU^rnately  between  them  are  yokes  con- 
sisting of  a  3-  by  5-inch  sill,  and  two  4-  by  4-inch  posts,  uncapped. 
The  flume  is  covered  with  boards  1^  by  12  inches  by  5  feet,  laid  cross- 
wise, and  nailed.  Eiich  box  contains  approximately  425  board  feet  of 
lumber.  The  cost  of  the  flume  is  said  to  have  been  $2.20  per  foot,  or 
$11,616  per  mile,  including  luml>er  and  laf>or.  This  did  not  include 
the  cost  of  shooting  rock  for  the  flumeway,  which  was  as  high  as  $5 
per  foot  in  places.  A  hetul  of  225  feet  is  obtained,  and  the  capacity 
of  the  flume  is  said  to  be  5,000  miners  inches. 

The  pressure  box  to  which  the  flume  leads  is  12  by  18  feet  by  11 
feet  deep.  It  is  built  of  l^-inch  IuuiImm-,  and  has  collars  of  8-  by  8-inch 
timber.     The  pipe  at  the  intaki*  end  is  »%  inch<»s  in  diameter. 

In  building  flumes  about  Juneau  trestling  fn^juently  has  to  l)e 
resorted  to,  thus  adding  greatly  to  the  expense.  In  general  it  may  \>e, 
said  that  tlie  cost  of  building  a  4-foot  flume  in  the  So  .th  Coast  prov- 
ince will  not  fall  greatly  below  ^10,000  per  mile,  and  will  occasionally 
})e  double  this  amount. 

For  small  flumes,  Bowmc  giv(»s  the  following  speciflcations:* 

Spi'djicntumat  f(n-  Hmnr  .^\  fed  n-ide,  ^^h  fret  deep;  l^-f(K)i  box. 

Feet. 
3  capH,  4  feet  by  \\  by  4  inches 121 

6  po.st.s,  .S  feet  ])v  8  bv  4  inches 18 

9phinkH,  12  feet  l)y  IJ  l)y  (>  and  12  inches 135 

3  sills,  4A  feet  bv  4  ])v  4  inches 18 

2  stringers,  1 2  feet  by  4  by  6  inches 48 

6  })atten8,  12  feet  by  8  inches  by  1  inch 14 

1-foot  plank,  12  feet  by  10  >)y  1 J  inch»'s 15 

Total  hnnlx^r  in  one  box 264} 

I>inn})er  of  boxes  per  mile,  440. 

"  RiM'fiit  iiiformMiidii  (Mining  and  ScuMitific  Press.  DecnulMT  SI,  J'.MJJ),  stat«'s  that  olal><>rnte  prof>:i- 
mtiDiis  for  oinTjitiiij,'  this  ]>n>iM'rty  were  imulr  tlu*  Ia.«t  Miinmcr.  Tlu-*-*'  iiu'lnde  the  inlerception 
uf  the  water  of  (;(»1(1  Creek  alK)ve  the  proi:>erty  t*y  u  <hiin,  ami  its  <Iiver>.i«)ii  to  a  flume  to  curry  it  jwist 
the  hydraulic  pit.  The  flume  i^  20  feet  wide  by  9  feet  deei».  and  4.2.'j<.)  feet  lonj^.  2.2-tO  feet  bcin^  tres- 
tled.  It  contains  1.200,000  feet  of  lumber,  0,000  linear  feel  of  hewed  timber,  and  20  tous  of  nails  and 
holts. 

f'OlK  ciL.  /».  JiU. 
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Reckoning  the  coHt  of  lumber  for  a  box  at  J4  and  the  labor  of  1  man 
at  $5  for  one  day  to  each  box,  such  a  flume  would  cost  $4,000  per 
mile,  exclusive  of  survey,  rock  work,  and  trestles.  It  is  difficult  to 
see  how  the  cost  of  building  even  small  flumes  can  fall  below  $7,000 
per  mile  in  the  South  Coast  province  of  Alaska. 

INTERIOR. 

In  the  interior  Yukon  and  Tanana  fields  ditching  is  pi'acticable  and 
is  recommended  in  prefel*ence  to  flumes.  There  are  difficulties,  but 
they  are  not  insurmountable.  In  the  intc^rior  no  large  diteh  enter- 
prise similar  to  those  of  Seward  Peninsula  has  been  undertaken. 
The  Atlin  field  has  aflforded  data  regarding  building  of  ditches,  but 
conditions  are  hardly  comparable  with  those  in  the  Yukon  region. 
With  the  exception  of  the  small  amount  of  bench  mining  in  the  inte- 
rior onl}'  a  small  amount  of  gravel  is  handled  daily,  and  ordinarily 
water  under  very  low  heads  is  used. 

The  future  of  hydraulic  mining  in  the  Klondike,  Birch  Creek,  Forty- 
mile,  Eagle,  and  Tanana  mining  districts  is  not  promising.  The  gentle 
slopes  of  the  mountains,  the  low  gmde  of  the  creek  valleys,  and  the 
sparse  amount  of  water  are  unfavorable  to  obtaining  a  sufficient  amount 
of  water  for  hydraulicking  at  a  working  head.  A  peculiar  drawback, 
depending  on  the  geological  history  of  the  region,  is  the  fact  that  the 
level  tops  of  the  Yukon  and  Tanana  mountains  represent  a  partially 
eroded  peneplain  of  very  wide  extent  -800  miles  from  east  to  west  and 
200  from  north  to  south,  approximately.  This  area,  in  which  the 
placer  fields  of  the  Yukon-Tanana  rectangle  are  situated,  is,  as  it  were, 
a  table-land,  the  top  of  which  tilts  slightly  to  the  south,  and  into  which 
the  modern  streams  have  cut,  rounding  off  the  residual  parts  between 
them  into  low  dome-shaped  mountains,  averaging  3,000  feet  in  height, 
and  varying  from  6,000  to  2,000  feet. 

A  comparison  of  the  topography  of  the  South  Coast  province  with 
that  of  the  interior  is  illustrated  by  Pis.  XVIII,  i5,  and  XIX,  A.  In 
the  interior  there  are  no  sharp  declivities,  no  waterfalls,  no  sudden 
descents  in  the  surface.  The  grades  of  creek  valle}  s  are  seldom  over 
3  feet  in  100  and  are  commonly  1  foot  in  100.  (See  table  8,  p.  104.) 
If  2  per  cent  is  taken  as  an  average  gi*ade  and  it  is  assumed  that  a  ditch 
nmst  be  three  times  as  long  as  the  creek  on  which  it  is  to  furnish 
water  under  head  at  a  lower  point,  it  is  evident  that  only  300  feet 
head  would  be  obtained  by  10  miles  of  ditch.  Such  a  ditch  taken 
from  one  stream  would  afford  only  200  miner's  inches  of  water,  a  fair 
average  for  the  region  during  the  four  months  of  the  summer  season. 

Within  leading  distance  there  are  no  high  mountuins  from  which  to 
draw  a  suppl3\  The  alpine  peaks  of  the  Alaska  Range  lie  to  the  south 
of  the  Tanana,  and  could  not  by  any  possibility  be  made  to  afford 
water  to  be  used  for  hydraulicking.     (See  PL  XLl.^  B.\ 
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Ditches  iuid  llumos  for  convovin^  water  must,  Jis  hitherto,  be  of 
siiiiill  siz(».  Thev  will  deliver  a  small  amount  of  water  at  a  low  head, 
KM)  miner's  iiiehes  of  water  at  7r)-foot  head  being  about  what  may  l)e 
obtained  under  favomble  conditions. 

Special  difficulties  encountered  in  the  interior  of  Alaska  and  the 
North  generally  have  been  found  to  be  as  follows: 

At  Atlin  the  action  of  frost  causes  the  ditch  to  enlarge  after  con- 
struction. The  opinion  was  expressed  that  steel-pii)e  (conduits  do  not 
freeze  as  quickly  as  flumes.  In  a  19-  by  4()-inch  flume  of  1,1)60  feet  in 
length  it  was  found  that  the  frost  heaved  the  flume  and  put  it  out  of 
gmde  each  season,  but  even  then  it  was  regarded  as  more  economical 
than  a  dit<*h.  The  flumes  on  McKee  Creek  have  to  be  gone  over  every 
spring  to  restore  the  grade.  Sills  are  set  in  4  inches  of  bloi^king  on 
the  stringers  so  that  the  grade  can  be  regulated.  It  was  also  said  that 
the  native  Atlin  lumber  is  preferred  for  the  flumes  and  sluices,  as 
imported  Pacific  coast  lumber  wari)ed  })adly.  If  native  lumber  is 
used,  8  inches  is  the  greatest  width  available.  Notwithstanding  the 
cost  of  maintenance,  ditches  are  much  used  at  Atlin,  one  company 
operating  10  miles  of  ditch. 

In  the  Klondike  district,  where  nearh'  all  ground  is  solidly  and  per- 
manently frozen,  it  is  said  that  three  years  after  construction  must  Ikj 
allowed  to  get  a  ditch  into  condition  to  stand.  Various  estimates  have 
been  made  and  projects  formulated  in  this  field  for  bringing  in  water 
from  a  distance  for  the  purpose  of  WH)rking  the  remaining  gravels  of 
the  benches  (the  so-called  '"White  Channel'')  which  lie  at  an  average 
elevation  of  270  feet  a})ove  the  rich  bottoms  of  Bonanza,  Eldorado, 
and  Hunker  creeks.  The  building  and  maintenance  of  i\  ditch  having 
its  source  in  souk*  of  the  higher  tributaries  of  Klondike  River  and 
affording  water  at  a  sufiicient  head  is  not  regarded  as  an  impossible 
engineering  feat,  but  up  to  the  present  the  cost  has  been  considered 
prohibitive.  Dry  seasons  alternate  with  wet  ones,  and  in  con.sequence 
the  amount  of  water  available  during  a  given  season  might  vary 
from,  say,  1,0(M)  inches  to  r),(MH)  inches.  No  calculations  based  on  the 
full  capacity  of  the  ditch  could  l)e  ma<le  in  advan(!e,  thereftire, 
regarding  the  season's  product. 

Recent  information  conc(»niing  the  Acklen  ditch,  led  along  the  north 
side  of  Klondike  River  near  Dawson  for  the  i)urpose  of  hydmulick- 
ing  high  benches  bordering  that  stream,  has  betMi  em])odjed  in  the 
table.  It  is  stated  that  the  cost  of  the  earth  excavation  of  this  dit<»h. 
7  by  4  by  )>k  f^^^t  deep  and  41,:>0U  feet  in  length,  was  }?;54,00O. 

Small  storage*  reservoirs  are  used  by  many  of  the  Klondike  ope nitors 
to  impound  th(»  small  and  varial)le  amount  of  water  availa))le  for 
working  the  l)enches  of  the  White  C'iiannel.  On  Hunker  Creek  a 
small  ditch  3  b}^  "2  feet  and  4  miles  long  is  in  excellent  condition  after 
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four  years'  service.  The  annual  cost  of  maintenance  is  $1,000,  or  10 
\yQV  cent  of  the  original  cost. 

In  ditching  in  bad  ground  it  ha^s  been  found  beneficial  not  to  remove 
the  mo.ss  carpet,  but  to  cut  it  in  4-foot  lengths,  transverse  to  the  line 
of  ditch,  then  to  roll  it  back  along  the  lower  edge,  and  after  the  ditch 
is  dug  to  let  it  drop  so  as  to  cover  the  side  of  the  ditch. 

In  the  region  adjacent  to  Eagle,  Alaska,  it  has  been  found  that 
where  the  topography  did  not  admit  of  ditching  the  maintenance  of 
flumes  is  very  expensive  and  that  the  use  of  steel-piix»  conduits  is 
preferable. 

A  useful  suggestion  for  flume  building  was  obtained  on  Dead  wood 
Creek,  in  the  Birch  Creek  district.  Flat  timbers  obtained  in  the 
neighborhood  were  used,  and  the  flume,  3  feet  by  1  foot,  was  calked 
w^ith  moss  inside.  The  cost  was  onlv  25  cents  a  foot,  and  the  flume  is 
said  to  be  good  for  ten  years.  In  this  locality  it  is  almost  impossi))le 
to  secure  sawed  hunter  at  any  price  unless  the  operators  whipsaw  it 
themselves.  In  all  northern  latitudes  the  moss  is  an  excellent  calking 
material. 

Through  the  interior  country  it  has  been  found  that  ditches  on  the 
south  slopes  of  the  mountains  can  be  made  with  much  more  success 
than  on  the  north  slopes.  In  fact,  the  north  slopes  are  frequently 
bare  rock,  while  on  the  south  slopes  a  good  dejx)sit  of  earth  has 
accumulated. 

The  prcvsence  of  crystosphenes,^  which  are  found  on  the  slopes  as 
well  as  in  the  creek  valleys  in  all  parts  of  the  north  w^here  perpetual 
frost  prevails,  is  the  ditch  maker's  greatest  obstacle.  Mr.  Tyrrell 
says:  ^^  Asa  rule  the}'  [the  crystosphenes,  or  so-called  'glaciers']  occur 
as  more  or  less  horizontal  sheets  of  clear  ice,  from  6  inches  to  3  feet  in 
thickness,  lying  between  layers  of  'muck'  or  line  alluvium,  usually 
where  tiie  'nuick'  is  divided  horizontally  by  a  thin  bed  of  silt  or  sand; 
and  most  of  them,  as  far  as  my  observation  goes,  are  from  2  to  4  feet 
Ijelow  the  surface,  though  some  are  deeper.  They  approximate  closelj' 
to  the  slope  of  the  surface,  under  which  they  lie."  These  sheets  are 
from  25  to  150  feet  in  diameter,  generally- somewhat  oblong.  They 
are  explained  by  Mr.  T^n'rell  as  due  to  the  freezing  of  seepage  water, 
causing  a  gradual  accretion  to  the  mass  annually.  Mr.  J.  P.  Tol- 
machof '^  has  examined  similar  occurrences  in  northeast  Siberia,  and 
explains  them  as  fossil  snowbanks.  Whatever  their  explanation,  they 
are  exceedingly  common  both  in  the  interior  and  in  Seward  Peninsula. 
They  are  found  not  only  in  creek  beds,  but  on  the  slopes,  and  show 
no  regularity  in  distribution. 

aTyrrell,  J.  B.,  Crystfwpheius.  or  buried  sheets  of  ice,  In  the  tundra  of  northern  Americii:  Jour. 
Geo!.,  vol.  12,  1904. 
^Ground  Ice  of  Berezovka  Kiver:  Phjo.  K.  Kuss.  Min.  8oc.,  St.  Petersburg,  1903. 
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Where  such  a  mass  of  ie^  is  met  sod  and  moss  must  V>e  extensively 
used,  and  ]K)th  the  tii*st  construction  and  annual  maintenance  will  Ik* 
much  greater  than  in  other  portions  of  the  ditch.  For  an  account  of 
the  method  of  dealing  with  such  ice  sheets  see  the  description  of  ditch 
building  in  Seward  Peninsula. 

In  the  Fairbanks  district  so  little  ditching  has  been  done  that  no 
results  gained  from  experience  were  available.  The  frozen  ipround 
has,  however,  been  found  so  bad  for  ditching  that  the  cost  of  annual 
maintenance  is  from  one-fourth  to  one-half  as  nuich  as  the  first  ooBt  of 
construction.  Such  expedients  as  patching  with  canvas  have  been 
adopted  as  a  temporary  makeshift.  The  small  ditches  which  have 
been  constructed  are  run  with  as  flat  a  grade  as  possible  to  avoid  cut- 
ting out.  Here  as  elsewhere  in  the  interior  the  use  of  sod  for  lining 
the  sides  of  the  ditches  can  not  be  too  highly  recommended. 

Small  reservoirs  in  the  creek  beds  for  impounding  sluice  water  are 
in  use  and  will  be  described  in  connection  with  open-cut  mining. 

SEWARD   PENINSUIJl. 

The  following  notes  regarding  the  building  of  ditches  have  been 
contributed  by  Mr.  Guy  A.  R.  I^ewington,  of  Nome,  Alaska,  manager 
of  the  mining  properties  belonging  to  the  North  American  Transporta- 
tion and  Tmding  Company: 

DiU^h  building  in  Seward  Peninsula  has  l)ecoine  one  of  the  most  serious  ques- 
tions with  reference  to  economical  mining  and  the  general  stability  of  the  whole 
mining  industry.  Water  under  pressure  for  hydraulic  mining  is  the  all-imj)ortant 
condition,  and  to  this  end  1  submit  the  following,  which  may  l)e  of  some  interest  to 
those  contemplating  investment  in  this  section. 

The  necej^sary  equipment  consists  of  plows,  scrapers,  and  graders  of  the  usual  kind 
in  use  in  the  States,  and,  of  course,  a  camp  outfit  of  tents,  both  for  living  and  stable 
purposes. 

The  conditions  to  be  contendeil  with  in  this  countrv  are  different  in  almost  all 
n*siXH't.**  from  those  which  hav(*  come  under  my  ol>servation  elsewhere.  The  moet 
serious  of  these  is  the  Imilding  of  a  tight  an<l  strong  ditch  over  "glacier," «  of  which 
much  is  encininteretl  wherever  <lit(;hes  have  IxKm  constructed.  Under  this  condition 
it  has  been  found  best  to  dig  as  shallow  and  broad  a  ditch  as  possible,  not  digging 
much  Mow  the  moss,  and  to  build  the  outer  Imnk  of  the  ditch  up  to  the  required 
height  l.>y  the  use  of  the  sod  which  covers  the  whole  country.  This  sod  in  a  short 
while  settles  and  knits  itself  together,  and  thus  lx*comes  a  very  serviceable  bank.  It 
will  not  cut  or  wear  out,  and  the  older  it  gets  the  lx»tter  it  becomes.  When,  however, 
it  IxMomes  evident  that  the  bottom  of  the  ditch  is  cutting  and  wearing  away,  so<l  again 
must  be  resorted  to,  and  V>y  lining  the  l)ottcnn  of  the  tlitch  with  it  the  tn>uble  may 
s<^K)n  l)e  overcome.  Jn  this  way  a  dit<»h  can  lx»  made  over  j>er|K»tually  frozen  ground 
where  otherwise  it  would  l)e  imiK)Ssible.  Much  ditch  has  to  \ye  constructed  over 
loose  stont»s  with  little  or  no  sediment  Ix'tween  them.  In  this  case  the  ditch  must 
l)e  lined  with  sod  and  all  holes  must  \w  (illwl  by  tamping  sod  into  them  as  far  as 
])ossible.     This  ))eing  <lone  it  will  b*'  found  that  the  water  tniveling  through  the 
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ditoh  will  deposit  sediment  over  the  sod  an<l  level  it  up,  and  tliat  after  a  little  whilt* 
it  will  beeonie  tight.  Puddling,  of  courw,  will  help  any  ditch  here  nr  elwewhere. 
Those  two  conditions  are  the  only  serious  ones  to  be  (contended  with  in  ditching 
ground. 

A  strong  plow  drawn  by  2-horse  team  is  the  first  implement  used.  (See  PI.  XIX, 
i?,  p.  120. ) 

All  being  ready,  the  driver  is  instructed  to  plow  a  ^iingle  furrow,  following  as 
closely  as  possible  from  one  survey  peg  to  the  next,  following  the  natural  contour  of 
the  country.  This  he  does  for  say  a  distance  of  one-half  mile,  thus  entablishing  the 
ditch  line.  The  plowing  is  continued  to  a  width  sufficient  so  that,  allowing  plenty 
of  slo|H»  for  the  inner  bank,  the  rec|uired  <lepth  of  dit<*h  may  1h'  (»btain(Hi.  The 
grader  is  next  use<l  for  the  pur})OHe  of  removing  what  has  l>cen  plowed  to  the  outer 
l>ank  of  the  ditch.  This  Inking  done  the  dit<'h  will  l<M)k  much  like  a  wagon  road. 
Then  the  plow  is  usetl  again,  plowing  as  Ixifore  a  single  furn»w,  following  as  nearly 
as  possible  the  first  furrow  plowe<l,  which  is  plainly  visible.  This  second  plowing 
Veing  done,  the  s<;raper  is  resorttnl  to,  and  the  loose  plowe<l  material  is  scra|>ed  from 
the  ditch  to  the  outer  bank,  building  it  up.  This  work  is  repeated  until  the  ditch  is 
almost  completed.  All  that  remains  to  make  an  excellent  ditch  is  to  level  up  the 
bottom  and  to  slope  the  ditch  to  reijuired  dimensions.  This  work  is  done  by  hand 
with  pick  and  shovel.  The  plow  and  scraper  should  do  almost  all  the  work,  how- 
ever, so  that  as  little  as  {wssible  remains  to  \h}  done  by  hand.  After  completion  of 
the  ditch  only  a  small  head  of  water  should  be  allowed  to  flow  through  it  for  a  few 
days,  until  it  has  l)ecome  well  soaked;  then  the  head  may  be  gradually  increased  a 
little  daily  until  the  full  capacity  is  reacrhed. 

All  water  should  lie  turned  out  of  the  ditch  U^fore  the  freeze-up  in  the  fall,  and 
the  <litch  made  as  dry  as  possible  by  the  o|)ening  of  all  waste  gates,  of  which  there 
should  Ixi  one  at  least  every  one-third  of  a  mile.  These  waste  gates  should  be  left 
open,  to  enable  the  water  during  the  spring  thaw  to  run  out  of  them  instead  of  fill- 
ing the  ditch  with  water  and  overflowing  its  lianks.  These  waste  gates  should  l)e 
cleared  of  all  snow  an<l  ice  at  the  first  approach  of  a  thaw  in  the  spring,  in  order 
that  the  w^ater  may  have  a  free  outlet.  This  is  very  important.  In  the  S})ring  no 
water  should  be  allowed  to  nin  through  the  ditch  until  at  least  2  to  3  inches  in  depth 
of  the  ditch  has  thawed,  and  then  only  a  small  head  to  start  with,  as  frozen  ground 
cuts  very  rapidly.  If  this  work  is  carefully  done  I  have  no  doubt  that  the  ditch  will 
be  rt»a<ly  for  work  by  the  time  it  becomes  possible  to  mine. 

Considering  the  remoteness  of  the  country  and  its  high  latitude,  ditch  building 
can  be  done  at  a  cost  surprisingly  low.  The  entire  absence  of  timl>er,  small  amount 
of  rock  work,  generally  good  soil,  and  gentle  sloi)es  of  the  hillsides  are  conditions 
which  make  ditch  building  very  feasible  in  the  auriferous  portions  of  Seward 
Peninsula. 

Fluming  should  not  be  employt^l  imless  absolutely  unavoidable,  as  frost  and  snow 
in  winter  play  havoc  with  fiumt»s,  and  the  swelling  and  contracting  of  the  ground, 
due  to  alternate  freezing  antl  thawing,  continually  keep  the  flume  off  grade.  There 
are  few  instances  where  it  is  necessary  to  use  a  flume. 

Much  of  the  ditch  construction  at  Nome  is  now  done  by  contmct. 
The  following  information  was  supplied  for  this  re{K)rt  by  one  of  the 
ditch  contractors  at  Nome: 

In  the  construction  of  ditches  on  Seward  Peninsula  the  following 
three  types  of  ma<;hines  are  used,  all  being  drawn  by  horses:  The 
ordinary  road  grader,  the  horse  scrapers,  which  are  so  extensively 
used  in  California,  and  an  ordinary  breaking  plow. 
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After  the  ditch  line  has  been  surveyed  and  staked  30  men  and  2<) 
horses,  for  example,  with  plows  and  scrapers,  are  put  to  work.  The 
plows  proceed  ahead  of  the  grader,  and  the  cutting  is  continued  until 
the  uphill  side  of  the  ditch  bottom  is  nearly  cut  to  grade.  At  this 
stage,  which  is  represented  ideally  by  fig.  20,  it  will  be  seen  that  the 
contents  of  the  cut  A,  B,  C  has  been  thrown  up  to  form  the  bank 
C,  D,  E  on  the  outer  side  of  the  proposed  ditch.  The  remaining  work 
consists  in  removing  the  earth  in  the  portion  B,  F,  H,  which  is  par- 
tially uncut  and  partially  built  up  by  the  gmder.  The  most  eco- 
nomical work  is  done  when  the  portion  removed  by  the  grader  is  so 
balanced  as  to  demand  the  least  cutting  by  the  scrapers  in  throwing 
up  the  necessary  bank.  It  will  be  seen  from  the  above  statements 
that  the  burden  of  the  work  falls  on  the  first  plows  and  on  the  grader, 
though  the  subsequent  work  of  the  scrapers  and  hand  finishing  is  just 
as  important. 

Four  horses  and  1  man  are  usually  used  to  a  grader,  though  8  horses 
are  often  used.     The  scrapers  use  from  2  to  4  hoi*ses,  depending  upon 


Fn;.  20. — Section  of  (iilch  in  constniction. 

the  size  of  the  ditch.  Four  horses  are  not  generally  used  to  a  scraper 
unless  the  ditch  is  to  be  7  feet  or  more  wide.  The  plows  breaking 
lirst  ground  usually  need  4  liorses  each.  It  may  be  said  that  where  a 
slope  is  steep  very  little  or  no  cutting  is  needed  on  the  lower  side  of 
the  ditch,  since  the  dirt  necessary  for  the  bank  can  all  be  obtained  in 
reducing  the  upper  side  to  grade. 

Special  methods  are  necessary  when  the  ditch  passes  through  sec- 
tions underlain  by  ground  ice,  as  previously  described,  or  runs  over 
sections  of  rock.  Verv  careful  work  is  needed  when  the  rock  is 
broken  and  fractured.  It  has  been  found  bad  practice  to  cut  through 
the  stringy  moss  which  overlies  tlie  masses  of  ground  ice,  generally 
referred  to  as  "glacier;''  in  fact  it  is  disastrous  to  the  permanency 
of  that  section  of  the  ditch,  and  is  the  beginning  of  never-ending 
repairs,  since  the  ice  continues  to  thaw,  causing  constant  leakage.  The 
l)est  pmctice  is  to  build  sod  walls  on  the  lower  side,  leaving  the  moss 
undisturbed.     All  rock  work  must  be  done  by  hand,  and  where  the  ditch 
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passes  through  f nurtured  material  all  cracks  must  be  filled  with  moss. 
Too  much  care  can  not  be  observed  in  the  latter  detail,  and,  especially 
during  the  first  weeks  of  use,  men  nmst  be  kept  constantly  trav^ersing 
and  repairing  those  sections  where  leaks  are  apt  to  occur.  The  stirring 
up  of  the  water  by  men  walking  along  the  bottom  of  the  ditch  is  a  good 
practice  in  the  early  stages,  for  silt,  in  addition  to  the  sod,  is  a  most 
valuable  factor  in  filling  the  cracks. 

A  scraper  will  work  to  great  advantage  in  decayed  schist,  which  needs 
no  lining,  as  it  holds  water  better  than  any  other  ground  encountered 
and  cuts  out  less.  Fluming  does  not  pay  when  there  is  a  possibility 
of  ditch  building.  In  fact,  it  has  been  often  stated  by  men  familiar 
with  ditch  construction,  that  where  possible,  it  is  profitable  ))oth  as 
regards  first  cost  and  subsequent  maintenance  to  build  a  ditch  in  place 
of  fluming,  even  if  the  distance  necessary  to  be  covered  by  the  former 
be  ten  times  that  of  the  latter.  Many  slopes  apparently  not  permit- 
ting a  ditch  cut,  owing  to  the  presence  of  broken  rock  and  talus  slides, 
on  close  examination  are  found  to  be  favorable,  for  if  2  or  3  feet  of 
this  loose  material  is  moved  there  are  excellent  opportunities  for 
comparatively  cheap  rock  cuts. 

When,  however,  it  is  deemed  impracticable  to  construct  a  ditch,  and 
where  a  flume  must  be  built  crossing  a  gully,  a  very  eflicient  founda- 
tion can  be  made  by  digging  shallow  holes,  filling  with  gravel,  and 
placing  on  top  a  wide  plank  to  distribute  the  load.  If  the  trestle  rests 
on  such  foundations,  and  the  underlying  ice  is  not  disturbed,  much 
trouble  from  settling  will  be  avoided.  The  following  are  a  few  of  the 
costs  representative  of  ditching  in  various  materials: 

Cost  of  ditching  in  nirious  materials. 

Soft  muck  and  tundra,  per  cubic  yard $0.  75 

Gravelly  dirt,  per  cubic  yard .  (55 

Decayed  schist,  per  cubic  yard 40  to  .  60 

Rock  work,  fairly  solid,  per  foot 1.  75 

Schist  in  place,  per  cul)ic  yard " 1. 00 

I^oose  nK;k,  per  cubic  yard 1 .  25 

Ditching  in  muck  which  heaves  is  very  expensive,  and  no  general 
figure  can  be  given. 

A  ditch  carrying  1,000  miner's  inches  will  cost,  under  fair  condi- 
tions, $2,000  per  mile.  One  with  the  capacity  of  4,000  miner's  inches 
will  cost  between  $4,000  and  $5,000  per  mile.  Though  much  affected 
by  varying  local  conditions  a  conservative  estimate  for  general  work 
is  $1  per  cubic  yard  throughout. 

The  following  account  of  the  construction  of  the  extensive  water 
conduits  built  by  the  Miocene  Ditch  Company  was  obtained  from 
Mr.  J.  W.  Davidson,  the  company's  consulting  engineer. 

The  water  is  taken  from  Nome  River  and  its  tributaries  for  the  most 
part,  although  a  small  portion  is  taken  from  Snake  River.     At  the 
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thp  elovatioii  is  572  feot."  At 
llobsoii  Ot-ock  a  lai^f  b«ul 
(lam  lias  been  i^onstructed 
I'ntirt'ly  of  sod.  The  d&ni 
wiiH  started  at  bed  rock  and 
in  2i>  feet  in  width  by  13u 
feet  in  length  and  is  provided 
with  «  waste  gate  10  feet  wide 
and  10  feet  deep  in  the  center. 
It  has  been  found  entirely 
xatisfactory.  The  ditch, vitii 
its  lirancbes  and  Istermls,  is 
5i  miles  in  length.  Of  thifl, 
the  main  ditch  is  Sli  miles 
from  Hobson  Creek  to  the 
tunnel.  This  ditch,  >8  for 
an  the  "X,"  wag  made  10 
feet  on  the  bottom,  14  feet 
on  top,  with  a  depth  of  3 
f(>et.  It  ha»  a  grade  of  3.3T 
feet  to  the  mile.  Seventeen 
miles  of  dtteh  were  made 
from  the  head  of  Nome  River 
to  Hoi)son  Creek,  with  the 
dimension's  H  feet  wide  on  the 
lidtlMDi,  11  feet  ou  the  top. 
and  3  feet  in  depth,  with  u 
{ji'iidc  of  4.5  feet  to  the  mile. 
Fnim  the  "X"  to  the  tun- 
nel, as  represented  on  the 
map,  the  ditch  has  the  same 
dimensions  as  the  upper  end, 
and  a  trrade  of  (>.5  feet  to  the 
mile.  The  ditch  was  con- 
structed to  carrjr  8,00(1 
miner's  inches  of  water  be- 
low Holis{»ii  Creek,  and  at 
the  upper  end  to  can-y  2,500 
niiiierV  imhes.  The  actual 
luuonnt  nf  water  available 
under  iivenige  eonditions  is 
said  ti)  be  I'.lNHi  inches.  The 
dileli  wiis  l>egun  on  .July  t>, 
llHil.  lit  tlie  "  X."'  (See  ti^. 
d  the  neressnrv  ecjuipiiient — 
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plows,  graders,  and  scrapers — were  brought  in  and  the  ditch  was 
completed  to  Hobson  Creek.  In  1903  the  ditch  was  completed  to 
the  head  of  Nome  River  and  a  branch  ditch  was  constructed  to  tap 
Snake  River.  Sixty-eight  days  were  consumed  in  building  the  ditch 
from  Ho])son  Creek  to  Dexter  Creek,  forty-eight  days  from  Hobson 
Oeek  to  Nome  River.  This  latter  figure  includes  the  enlargement  of 
the  originally  built  Hobson  ditch  and  the  building  of  the  Snake  River 
ditch. 

The  method  of  construction  has  been  described  above.  A  plow  was 
used  for  breaking  the  furrows  and  the  gi'ader  was  used  for  bringing 
the  cut  to  grade,  4  horses  Iwjing  used  to  a  team.  The  ditch  making 
was  carried  on  at  the  rate  of  one-half  mile  per  day,  taking  the  tri- 
angular section  off  down  to  a  level.  This  operation  was  followed  by 
a  second  plowing.  The  grade  stakes  were  set  at  a  certain  distance 
down  the  hill  from  the  lower  bank,  and  the  men  were  directed  to  push 
the  dirt  so  as  not  to  reach  beyond  the  line  of  stakes.  From  60  to  70 
men  were  employed  all  the  time,  and  the  number  of  horses  varied  from 
50  to  100.  The  cost  was  reckoned  at  $400  for  each  horse  for  a  period 
of  eight  months,  and  thejvageof  a  man  was  reckoned  at  ^7.50  per 
day.  Two  4-horso  teams  were  employed  all  the  time  to  haul  feed. 
(See  PI.  XX,  .4.) 

The  grading  gang  consisted  of  one  4-horse  breaking  plow  and  a 
grader,  with  2  men  and  8  horses.  A  scniping  gang  consisted  of  2 
plows  and  9  scrapers.  There  are  thus  11  drivers,  2  men  plowing  with 
2-horse  plows,  9  scraper  men,  and  a  foreman,  beside  the  grader.  The 
general  cost  of  the  smaller  ditch  is  given  at  $2,800  per  mile.  It  is  to 
be  noted  that  in  this  construction  the  upper  bank  was  not  sloped  at 
all,  as  it  was  found  that  this  sloping  is  very  little  use  in  the  northern 
regions,  the  soil  standing  very  well  at  various  angles. 

The  difficulties  with  ground  ice  were  very  great.  At  one  place  800 
feet  of  such  an  ice  sheet  was  found,  and  here  the  cost  of  maintenance 
is. exceedingly  high.  The  only  way  to  maintain  the  ditch  is  to  haul 
clay  down  the  ditch  in  boats  and  dump  it  in.  It  is  found  that  if  suf- 
ficient clay  is  dumped  on  top  of  the  ice  it  stops  thawing,  but  this 
operation  has  to  be  annually  repeated.  At  another  point  1,100  feet  of 
flume  (8  feet  by  33  inches,  with  double  grade)  were  built  over  an  ice 
sheet,  and  so  far  the  ground  has  settled  very  little.  One  and  one-half 
inch  lum))er  is  used  in  construction,  at  a  cost  of  $200  per  thousand 
feet.  For  each  nmd  sill  cuts  were  made  into  the  ice  from  2^  to  3 
feet.  After  the  sills  were  in  position  the  moss  and  tundra  were 
mmmed  back  over  the  ice.  The  cost  of  construction  of  this  flume 
was  $1,500,  exclusive  of  the  lumber.  It  is  stated  that  the  construc- 
tion cost  much  more  than  it  would  at  present. 

At  another  point,  across  Manila  Creek,  an  inverted  siphon  1,000 
feet  in  length,  of  hydraulic  riveted  steel  pi[H»,  40  inches  in  diameter, 
14  gage,  is  used  for  1,0(K)  feet,  at  a  co^t  ot  %VQ.,^i^^.    \\»\v^^^\^  ^V 
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150  feet  in  the  center,  and  the  difference  between  the  ends  is  4  feet 
vertically.  The  allowance  for  friction  made  in  this  siphon  was  for 
3,000  miner's  inches  of  water.  At  the  upper  end  the  water  discharges 
from  a  penstock  12  ))y  12  by  14  feet.  Another  inverted  siphon  line 
300  feet  in  length,  of  24-inch,  14-gage,  riveted  steel  pipe,  is  laid  across 
Dorothy  Creek. 

Around  Cape  Horn  there  was  a  considerable  stretch  of  rock  work, 
1,300  feet  in  marble.  This  had  to  be  blasted  with  powder,  and  cost 
$12,000.  There  are  5  miles  of  rock  work  in  all  along  the  ditch  line. 
Between  Snow  Gulch  and  Glacier  Creek  a  tunnel  1,800  feet  in  length 
has  been  run  through  the  divide  to  carry  the  ditch  water.  Its  dimen- 
sions are  4  by  6  feet,  and  it  is  timbered  in  places.  The  top  of  the 
tunnel  is  level  with  the  top  of  the  water  on  the  entrance  side,  the  bot- 
tom of  the  tunnel  being  run  at  a  low  level  so  as  to  completely  fill  the 
tunnel.  All  the  rock  work  in  the  tunnel  was  done  by  hand  drilling, 
and  in  the  winter.  The  rock  was  found  to  be  frozen  90  feet  vertically 
below  the  surface.  The  elevation  of  the  penstock  for  "No.  1  Below  Dis- 
covery," (Jhicier  Oeek,  where  the  bulk  of  the  water  was  used  in  1904, 
is  413  feet,  the  surface  of  the  water  teing  about  2  feet  lower,  the 
available  head  at  No.  L,  below  Glacier,  being  330  feet.  The  greatest 
head  of  water  attainable  l)y  this  ditch  on  ground  now  being  worked  is 
said  to  be  360  feet  on  No.  2,  below  Glacier  Creek. 

The  complete  cost  of  the  ditch  and  all  accessories,  including  niain- 
tonancc  for  four  years,  is  stated  to  be  upward  of  $300,0<K).  It  is  the 
practice  to  keep  15  men  on  the  whole  length  of  the  ditch  system  dur- 
ing the  four  months  of  th(»  working  sejison.  This  compan}^  besides  the 
use  which  it  makes  of  the  water  for  its  own  mining  operations,  sells 
some  of  its  water  to  the  mincM-s  on  (ilacier.  Anvil,  and  Dexter  creeks 
at  th(>  rate  of  $1  per  miner's  inch  under  pressure,  and  at  50  cents  per 
inch  for  water  that  has  been  once  used."  According  to  measurements 
made  with  a  Price  current  meter  August  23,  1904,  the  Miocene  ditch 
afforded  1,074  miners  inches  above  the  No.  1,  Ix^low  penstock  on  Glacier 
Creek,  and  1,752  miner's  inches  at  a  point  on  Glacier  Creek  above  the 
tunnel  leading  a  portion  of  the  water  to  Anvil  Creek,  the  inch  equal 
to  1.5  cu)>ic  feet  per  minute. 

In  the  whole  of  Seward  P(?ninsula  there  are  approximately  175 
miles  of  water  conduits,  for  the  most  part  ditches  actuall}"  con- 
structed, and  fully  100  miles  more  are  reported  as  under  construction 
or  in  contemplation.  It  is  safe  to  say  that  the  work  has  averaged  in 
cost  over  $4jM)n  to  the  mile,  although  it  is  undeniable  that  with  the 
advantage  of  experience  the  operators  can  build  their  ditches  for  less 
monev  in  future. 

Oj)hir  Creek,  in  the  Council  district,  has  })eon  the  scene  of  thegrea.t- 
(^st  activitv  in  ditch  construction,  as  mav  be  seen  })v  tlie  table.     Thei*e 
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is  o.stinmted  to  Ik?  a  total  of  55  miles  of  ditches  in  this  basin,  including 
the  ditch  which  taps  Pargon  River,  across  the  divide.  The  largest 
ditch  on  this  creek  carries  from  1,200  to  8,000  miner's  inches,  and  is 
through  rock  and  earth  for  over  18  miles.  It  was  commenced  in 
August,  1901,  and  work  has  been  done  on  it  at  intervals  up  to  the 
lH»trin"i»ir  of  the  season  of  1904.  It  is  estimated  bv  the  Wild  Goose 
Mining  and  Trading  Company  that  on  Ophir  Creek,  in  ordinary  ground, 
a  mile  of  ditch  a  week  of  this  size,  16  by  10  by  3  feet,  can  be  built 
with  32  head  of  horses  and  70  men.  In  the  5  miles  of  rock  work  which 
were  made  along  the  line  black  powder  was  used  for  blasting.  The 
sod  walls  were  found  prefemble  to  rock. walls  in  this  ditch,  as  in  the 
one  built  by  the  Miocene  Company.  The  water  is  used  for  working 
voveral  claims,  a  portion  being  distributed  to  each;  the  head  attained 
varies  from  170  to  200  feet  in  the  different  operations. 

In  the  construction  of  the  Hot  Air  Company's  ditch  line  on  Ophir 
Creek  several  long  trestles  (see  PI.  XX,  B)  were  found  necessary  where 
the  ditch  crossed  and  recrossed  the  many  meanders  of  the  creek.  It 
was  necessary  to  sink  the  posts  of  the  trestling  in  rock-filled  cribs  or 
piers  in  the  creek  bed,  as  shown  in  PL  XXI,  A, 

The  use  of  inverted  siphons  is  common  in  many  of  the  Alaska  ditch 
lines,  but  presents  nothing  new  over  the  California  practice.  The 
ordinary  rules  to  be  observed  in  conducting  water  under  pressure  in 
pipes,  the  use  of  large-diameter  pipe  to  prevent  excessive  friction, 
the  calculation  of  the  pressure,  resistance,  the  loss  of  head,  and  the 
distribution  of  air  valves  are  as  important  as  in  the  case  of  all  pipe 
lines. 

STORAGE  RESERVOIRS. 

Lack  of  water  and  of  sites  at  a  sufficient  elevation  to  afford  head 
render  the  building  of  extensive  storage  reservoirs  in  Alaska  impracti- 
cable. The  broad,  flat  valleys,  frozen  soil,  impervious  schist  bed  rock, 
and  the  excellent  sod  material  for  dams  offer  conditions  which  appear 
attractive.  On  the  other  hand,  the  small  and  variable  amount  of  rain 
and  snow^  (see  table  2,  p.  48)  makes  it  certain  that  the  expensive 
surveys  and  construction  necessary  for  reservoirs  whose  capacity  runs 
into  the  millions  of  cubic  feet  would  never  be  justified  by  results. 

Small  storage  reservoirs  have  been  successfully  built  and  have  given 
satisfactory  results.  The  capacity  of  one  built  by  the  Anglo-Klondike 
Mining  Company  is  400,000  cubic  feet,  or  sufficient  to  supply  300 
miner's  inches  for  fifteen  hours  for  h^^draulicking  at  a  head  of  150  feet. 
The  dam  is  15  feet  high  and  the  reservoir  is  filled  from  the  supply  ditch 
in  from  a  few  hours  to  three  days,  according  to  the  rains,  which  are 
exceedingly  variable.  This  reservoir,  which  is  built  at  the  elevation 
of  the  top  of  the  ancient  base-level  above  the  highest  gravels,  is  repre- 
sentative of  the  best  that  can  be  accomplished  in  this  line  in  the  interior 
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Yukon-Tanaiia  field.  Mr.  J.  P.  IIuti*hin.s ''  stutcs  that  during  the  suin- 
nier  of  1904  a  reservoir  was  built  in  the  Klondike  which  ban  a 
capacity  of  20,000,000  gallons  and  recjuire^s  a  dam  40  feet  in  height. 

Manj'  .small  reservoirs  (see  PI.  XXI,  B)  are  used  in  the  North, 
affording  from  50  to  100  inches  of  water  for  a  run  of  a  few  hours. 
Reservoirs  for  the  providing  of  sluicing  water  for  winter  dumps  have 
been  built  on  Anvil  Creek  for  catching  snow  water.  In  some  cases 
even  snow  fences  have  been  erected  behind  the  dams  to  increase  the 
size  of  the  snowdrifts. 

The  Alaskan  miner  has  at  hand  the  vegetable  sod  or  peat,  a  material 
whic^h  has  proved  efficient  under  Ahiska  conditions  for  the  building  of 
small  dams.  The  construction  of  dams  is  discHissed  on  pages  56-57. 
In  building  small  storage  resei*voirs  for  hydraulicking,  it  is  as  necessary 
in  Ahiska  as  elsewhere  to  determine  the  proper  elevation,  to  select  as 
large  a  catchment  aren  as  possible,  and  to  take  into  consideration 
absorption,  evai)oration,  and  the  character  of  the  ground  and  underly- 
ing l>ed  rock.  The  angle  of  slope  for  a  peat  dam,  as  given  by  J.  T. 
Pluming,*  is  2.75  horizontal  to  1  vertical.  Experience  has  shown  that 
in  Alaska,  owing  to  the  permanent  frost,  such  dams  will  stand  at  a 
smaller  angle,  esix'cially  if  brush  is  laid  alU^rnately  with  sod.  The 
cost  of  stonige  dams  in  the  interior  may  be  reckoned  at$1.75  per  cubic 
yard  of  earthwork,  and  in  Seward  Peninsula  at  $1  j^r  cubic  yard. 

The  expedient  of  building  settling  ponds  must  be  resorted  to  in 
[)laces  wlu^re  a  small  amount  of  sluice  water  is  used  over  and  over 
for  successive  operations,  as  on  Anvil  Creek,  in  Seward  Peninsula. 
Two  such  (lams  for  retaining  sedinu>nt,  one  of  which  is  shown  in 
PI.  XXII,  .1,  are  in  use  on  Anvil  Creek.  The  water  is  ditiwn  off 
from  these  as  often  tis  possible.  In  the  si^coud  case  it  is  drawn  off  at 
intervals  of  ten  hours  to  the  sui)ply  flume. 

PIPE  LINES. 

In  hydraulic  mining  the  water  is  distributed  from  the  pressure  box 
to  the  monitors  and  elevators  by  means  of  wrought-iron  or,  more  gen- 
erally, steel-rivet(?d  pi])e,  usually  made  up  in  sections  17  to  19  feet 
in  length.  Sheet  steel  is  used,  from  8  to  ItJ  U.  S.  standard  gauge, 
bent,  each  plate,  30  or  8()  inches  in  length,  ]>eing  riveted  in  double 
rwws  lengthwise  and  single  on  the  ends.  The  sizes  used  in  Alaska 
vary  from  8  to  H<)  inches.  The  pipe  is  shipjM'd  by  the  manufacturers 
(Mther  made  up  and  riveted,  as  al)()ve,  ready  to  be  laid  with  slip  joints, 
or  the  material  is  supplied  in  short  plate  sections,  bent,  punched,  and 
furnished  with  necessary  rivets,  baled  and  nested  for  tninsjx)rtation, 
ready  to  })e  cold  riveted  on  tlu^  ground.     Kig.  22  shows  a  form  of  ship- 
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l)ing  inad(*-u|)  pil)^  of  different  diainetcrs  whirh  ivnders  it  sociire  from 
iH>ndin^  or  injury  in  transport.  The  iron  ])olt  ran  afterwards  he  used 
in  the  hhicksinith  shop. 

Pil)e  made  up  })eforchand  is  (^oated  b}-  immersinj^  it  in  a  hath  of 
asphalt um  prejmration.  This  is  hij^hly  important,  and  if  the*  opei^ator 
rivets  his  pii>e  on  the  ground  he  should  dip  the  pipe  in  such  a  bath 
before  hiving.     Bowie  gives  the  following  formula  for  a  bath: 

Per  cent. 

( 'rn<le  a.sphaltum 28 

( \  »al  tar  ( free  from  oily  substances) 72 

The  advantages  of  using  sheet  steel,  commonl}^  called  *'  h\'draulic '' 
pipe,  are  its  cheapness  of  construction,  adaptability  foi'  crossing 
depressions  (as  in  inverted  siphons),  the  facility  with  which  its  position 
can  be  changed,  and,  when  slip  joints  are  used,  the  ease  with  w  hich  the 
line  can  be  laid.  Many  engineers  do  not  recommend  the  use  of  slip 
joints — that  is,  the  slipping  of  the  end  of  one  length  of  pi])e  8  inches 
into  the  end  of  the  next  to  form  the  joint.     Withavemgc  totK^graph} , 
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Fio.  22,— Method  of  ncstiiiR  made-up  hydraulic  pipe  for  Hhipmeiit. 

however,  experience  has  proved  that  such  joints  stind  great  pressure, 
and  the  practice  is  nearly  imiversal  among  hydraulic  miners. 
Pipe  is  used  for  the  three  following  purposes: 

(1)  As  a  water  conduit,  replacing  diti'hes  and  flumes.  Pipe*,  is  not 
reconmiended  for  this  purpose  except  where^  siphoning  is  necessary  or 
when*  conditions  are  particularly  difficult  for  ditching  and  fluming. 

(2)  For  heading  water  from  the  pressure  box  to  the  (^laim. 

(3)  For  leading  the  water  from  the  gate  of  a  Y  to  its  various  points 
of  discharge,  as  to  giants,  elevators,  and  impulse  or  '*  hurdy-gurdy  •' 
wheels. 

The  discharge  pif^e  is  generally  a  nozzle,  either  manipulated  by 
iiie^ms  of  a  swivel-jointed  tuperiiig  pipe  called  a  giant  or  monitor  or 
fixed  within  a  larger  pipe  (the  contrivanct*  known  as  ar)  elevator),  or 
acting  on  the  buckets  of  a  wheel. 

The  thickness  of  the  iron  or  steel  employed  is  determined  by  the 
pressure  of  the  w^ater  and  the  diameter  of  the  pipe.  Table  !♦  gives 
infonnation  concerning  a  few  of  the  sizes  used  in  Alaska.  Prices  are 
those  prevailing  in  San  Francisco. 

Bull.  263—05 9 
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Table  9. — DoMe-riveUd  sheet  steel  siip-joirU  hydraulic  pipe. 


Diameter 
ill  incheu. 

6 

Thicknew, 
U.  S.  gage. 

Thickni*iw  In 

fractions  of 

an  inch. 

Head,  in 

feet,  pipe 

will  safely 

stand. 

Pressure  in 

pounds  per 

square  inch 

due  to  head. 

Weight  per 

foot  in 

pounds. 

1 

Pricepcr 

foot,  San 

Fimncifloo. 

19M. 

18 

^'j 

480 

206 

3.80 

$0.23 

6 

16 

A 

600 

260 

4.85 

.25 

■     8 

16 

A 

450 

195 

6.30 

.32 

8 

14 

A 

563 

244 

7.75 

.35 

11 

16 

A 

.325 

141 

8.50 

.37} 

11 

14 

*V 

408 

177 

10.50 

.44 

11 

12 

it 

572 

248 

14.50 

.60 

15 

18 

A 

191 

83 

8.50 

.46 

15 

16 

A 

240 

104 

10.75 

.30 

15 

14 

A 

300 

130 

13.00 

.55 

15 

12 

A 

420 

182 

19.00 

.85 

18 

10 

A 

450 

195 

30.00 

1.50 

22 

16 

A 

164 

71 

15.75 

.70 

22 

12 

if 

286 

124 

28.50 

1.20 

24 

16 

h 

150 

65 

18.00 

.80 

24 

14 

187 

81 

22.00 

1.00 

30 

16 

l'.v 

120 

52 

21.00 

.90 

30 

14 

■A 

150 

65 

27.00 

1.10 

1 
1 

Pipe-red ucinj^  sections,  Y\s,  forks,  and  elbows,  and  the  method  of 
'•nesting'-  pipe  for  shipment  are  illustrated  by  fig.  23  (p.  181).  Sec- 
tions of  pipe  are  put  together,  as  above  stated,  by  slipping,  or  by  flange 
or  lead  joints.  If  it  is  advisable  to  reenforce  a  slip  joint,  the  simple 
device  shown  in  tig.  24  (p.  132),  which  can  be  made  quickly  in  the 
blacksmith  shop,  will  ]>e  found  useful.  The  sleeve,  lugs,  and  key 
should  be  made  of  soft  steel. 

The  disadvantage  of  diverting  water  from  a  straight  pipe  line  may 
be  illustrated  by  the  experience  of  one  of  the  Alaska  operators.  It 
was  found  that  diverting  the  water  from  an  18-inch  plugged  pipe 
by  means  of  6-inch  Y  branch  gave  an  efficiency  of  2,  while  in  using 
the  same  water  through  the  direct  18-inch  pipe  choked  to  6  inches  the 
efficiencv  was  3. 

In  laying  i>ij)e  from  the  pressure  box  to  the  claim  the  line  shouKl 
be  start(»d  at  the  lower  end  and  the  joints  slipped  in  down  the  sloix*. 
Various  methods  of  '"setting"  the  pipe  are  in  use.  The  device  shown 
in  tig.  25  is  used  b}-  Mr.  F.  II.  Hrackett,  of  Atlin,  British  Columbia.  It 
consists  of  a  siiuan?  block  of  timber  3  by  3  feet  by  9  inches,  faced  with 
one-sixteenth  inch  steel  plate,  to  which  is  bolted  a  disk-like  wooden 
plug  the  diameter  of  the  pipe  inside.     Two  men  batter  the  timber  with 
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the  mallet.  Another  device  used  in  Oregon  for  assiBtance  in  setting 
and  unsetting  pipe  is  shown  in  fig.  26.  The  wrench  is  made  with 
reversible  parts,  so  that  the  position  of  the  leverage  can  be  changed 
for  the  different  operations.  Either  of  these  devices  can  be  easily 
made  on  the  ground. 

In  cold  climates  it  has  been  found  good  practice  to  lay  the  pipe  line 
in  a  slight  lateral  curve 
down  a  slope,  so  that  sub- 
sequent contraction  of  the 
units  may  be  remedied  by 
pushing  the  pipe  into  a 
more  nearly  straight  line. 

In  laying  the  pipe  line  a 
funnel-shaped  section  of 
pipe  for  the  water  to  run 
into  is  usually  provided  at 
the  pressure  box.  This  is 
of  light  gage  and  is  6  feet 
long  and  from  40  to  30 
inches  at  its  larger  end. 
From  this  the  pipe  is  gen- 
erally of  uniform  diameter 
as  far  as  the  Y  or  iron  gate, 
from  which  the  water  is 
distributed  to  various  parts 
of  the  operations.  The 
pipe  should  be  laid  as 
nearly  straight  as  condi- 
tions will  allow,  and  elbows 
and  bends  of  small  radius 
should  be  avoided. 

Lead  joints  are  seldom 
necessary  in  Alaska  opera- 
tions, but  where  there  are 
sharp  declivities  pipe 

joints  must   be  braced  and    fig.  23.— Forma  of  pipe  mtlngs.     1,  llpe  cut,  formed,  aiu. 

Strengthened  by  means  of     ^""'^'f «!:;  ^  '^V'^r.^""?'  ^ ^^^^  «e«t«*/or  8^*1- 

o  ^    ^    -^  ^  mcnt;  8,  reducinff  length;  4,  circular  bend;  5,  angular  bend; 

lugs  and   wiring,    as    illus-       CRhortangularbend;  7,  T  discharge;  8,  angularr  discharge; 

trated  in  fig.  27.  It  is  sel-  '•  '^'^^^^ ""''  '^'  '^'^^"^^y  y- 
dom  possible  to  lay  pipe  on  the  '''hydraulic  grade  line."*  This  is  ''an 
imaginary  straight  line,  extending  from  a  point  on  the  side  of  the 
water  box  or  reservoir,  denominated  the  velocity  head,  to  the  mouth 
of  the  nozzle."  When  the  pipe  line  departs  greatly  from  the  hydraulic 
grade  limB,  allowances  based  on  formulas  given  in  the  various  text- 
books on  hydraulic  mining  must  be  made  for  the  difference  iii\4res.8Mx^. 


a  Van  Wagencn,  op.  cU.,  p.  6»^, 
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WluM'i^  !i2-  t<  :5()-inrh  in\n's  aro  usrd  it  is  not  advisable  to  oniploj'  lo.ss 
than  14  ga^r,  even  imdor  low  hoads,  as  lighter  pipe  will  not  liear 
handling.     The  i)nic-ti<'e  of  hiirying  pijXN  or  at  least  sodding  it  ov<»r. 

where  the  line  is  to  be  in  place  for  more  than  u 
season,  is  reeoniinended  in  Alaska  even  men* 
than  in  other  countries. 

Air  valves,  which  can  )>e  simply  made  of 
leather,  hinged  to  the  inside  of  3-inch  openings 
in  the  pipe,  should  be  not  more  than  800  feet 
apart.  Th(»so  allow  the  air  to  escape  when  the 
pipe  is  being  filled  and  prevent  the  collapse 
of  the  pipe  w^hen  suddenly  emptied  of  water. 
Leakage  in  joints  may  frequently  be  stopped  by 
slowlv  f(»cdinii:  saAvdust  or  manure  in  at  the 
upper  tMid.  In  case  of  collapse  of  a  pipe  line, 
experience  has  shown  that  by  turning  on  the 
water  slowly.  afUM-  closing  the  lower  end,  the 
collapsed  sections  may  ])e  restored  to  shape  for 
temporary  use.     The*  experiment  is  risky. 

PI.  XXII.  />,  shows  the  set-up  of  a  hydraulie 
pipe  line  on  McKee  Creek,  Atlin.  As  may  lie 
seen,  the  line  i-^  well  braced  and  rock  ballasted,  and  on  steep  place- 
the  joints  arc  held  by  lugs  and  wire  guys.  The  line,  which  i«  one  of 
three  in  use  t)n  this  proj)erty.  i^  of  l*J-gage  steel,  is  l,2(Mj  feet  in  length, 
has  a  ;5n-iiieh  mouthpiece  at  (he  penstock,  and  is  successively  reduced 
to  IS,  U),  and  \'2  inches,  th(»  last  disch.'irging  through  the  giant. 
At  full  capacity  the  dischai'ge  was  said  to  be  700  miner's  inche>  at 
l7n-f<)ot  head.  The  discharge  was  through  a  No.  4  Vancouver  giant, 
using  <>-inch  nozzle,  the  average  twenty-four  hour  duty  Iwiing"  4  cubic 
yards  of  gravel.  Along  tlh*  pipe  line  side  ditches  were  cut  for  a  short 
distance  to  tak(^  care  of  leakage.  PI.  XXIII,  .1,  shows  u  pipe  line 
led  down  a  hillsid(»  on  IMne  ('reek,  Atlin. 


Fi«i.  III.— l»i'viri»  fur  rroii- 
forring  joints  of  ri|K'. 
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An  important  fact  !-<'ganlin'L!-  the  llow  of  watiM-  in  pipes  is  the  loss 
of  cfiectixc  p!"e^^nn^  at  tin*  in »//.!«'  dui'  tt)  f  rift  ion.  owing  to  the  use  i-^i 
pipr<  of  loo  small  dianiel^'v.     Tlu*  fvirliou  (»f  water  in  pipes  increase?* 
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:is  tho  square  of  tho  velocity  and  also  (lep<»nds  on  tho  condition  of  the 
pipes.     K\  en  tlu^  rivet  li(»ads  in  a  pipe  line  cause  friction  and  conse 
ipicnl  loss  of  head.     As  Mr.  (ieorj^e  II.  Kv^ans^'  iK)ints  out,  it  makes 
no  (lifferi'nce  whether  the  wat<*r  is  flowintr  u})  hill  or  down,  or  the 
pressure  great  or  small,  the  total  friction  will   he  materially  the  same. 


Fuj.  i!<). — PilK*  wrfiu-h  forHcttiuK  «hh1  unsottiiijjr  hytlniiillc  pipe. 

In  wood(»n  pipes  the  fri(»tion  is  nearly  double  that  in  iron  or  steel 

pipes.     ( -ox's  formuhi  for  finding  the  friction  head,  which  nnist  he 

subtmcted    from  the  actual  hea<l  to    give  the  etfective   head,   is  as 
follows: 

H  ={riction  head  in  feet. 
^/=diamet€r  of  pipe  in  inches. 
\a  =length  of  pipe  in  ft»et. 
V= velocity  of  water  in  feet  per  second. 


Fic;  27. — Method  of  bracinjf  hydrauli<'  pipo  on  stAjej)  sloj)!. 

The  loss  in  head  of  a  pipe  line  12  inches  in  diameter,  discharging 
400  miner's  inches,  and  5,000  feet  in  length,  is  comput-ed  by  Mr.  Evans 
to  ))e  246.44  feet.  Or,  if  the  actual  head  is  500  feet,  the  effective  head 
is  reduced  to  253.56  feet,  or  an  original  pressure  of  217  pounds  per 
square  inch  to  110  pcmnds.     To  find  the  velocity  in  feet  per  minute  in 

a Pnietiml  Nott'H  on  Hy<iraulie  Mining,  San  Fmni-iwo,  1H98,  p.  25. 
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a  pipe,  multiply  the  number  of  cubic  feet  of  water  discharged  per 
minute  by  144,  and  divide  the  product  by  the  area  of  the  pipe  in 
square  inclies.     The  velocity  in  feet  per  second  can  then  be  found. 

Experiments  by  Mr.  Hamilton  Smith'^  appear  to  demonstrate  that 
with  new  and  carefully  coated  pipes,  with  velocity  as  high  as  11  feet 
per  second,  the  loss  of  head  is  not  significant.  Nevertheless,  the 
numerous  conditions  which  enter  into  the  laying  of  pipe  lines  on  placer 
mines  render  the  rule  that  the  velocity  should  not  exceed  3  feet  per 
second  in  the  pipe  a  very  safe  one  to  follow.  It  is  a  common  fallacy 
among  men  inexperienced  in  hyditiulicking  that  an  increase  in  head 
will  increase  the  amount  of  gravel  which  can  be  moved  to  the  sluice. 
It  must  be  remembered  that  the  force  of  the  water  imparted  by  head 
is  entirely  expended  in  piping  against  the  face,  while  the  sluice  is  the 
governing  factor  in  the  moving  of  gmvel  after  it  leaves  the  face.  The 
aid  given  by  the  water  in  moving  gravel  to  the  sluice,  and  in  it  is 
dependent  on  the  grade  over  which  it  runs.  In  small  hyditiulic  oper- 
ations water  is  conducted  to  the  pit  from  the  head  ditch  or  penstock 
by  means  of  canvas  hose,  known  as  flume  hose,  which  is  from  6  to  14 
inches  in  diameter  and  weighs  from  8  to  15  ounces  per  foot.  This  is 
used  mainly  on  account  of  its  cheapness  and,  as  a  less  important  con- 
sideration, because  of  the  ease  with  which  it  may  be  moved  alx)ut 
It  is  used  also  for  conveying  water  with  very  low  head,  for  sluicing 
purposes. 

Flume  hose  is  at  ))cst  a  makeshift  and  its  use  is  not  recommended, 
except  in  opt^rations  of  primitive  diameter  in  very  remote  districts. 
It  should  never  be  used  to  handle  more  than  100  inches  of  water  or 
for  a  head  greater  than  50  feet. 

GIANTS  AND  NOZZLES. 
SIZES   AND   TRICES. 

The  practice  in  usinjif  hvclniulic  disclmrgo  pipes,  known  as  monitors, 
giants,  and  nozzles,  does  not  ditt'er  in  Alaska  from  that  pursued  else- 
where. 

Table  10  gives  the  principal  facts  necessary  for  the  miner  to  know 
about  hydmulic  giants  of  the  size  most  applicable  for  Alaskan  work. 

aSiiiith,  HMmiltoii.  Hydraiilios,  imo,  p.  314. 
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TABLii  10. —  Water  rerpiirtrl,  ^ective  work,  tket,  roluma,  and  heiuU  of  uitUr,  ireiijlits  mui 
prices  of  dmibU-jiKnted  hijdraidic  ijiaiiU. 
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About  70  giants  of  several  different  makes  were  in  operation  in  the 
territory  visited  during  the  summer,  of  which  58  per  cent  were  of 
size  No.  a,  a^^ing  commonly  a  3-iiich  nozzle.  In  the  Juneau  and  Atlin 
districts  size  No.  4,  using  4-  and  6-inch  nozzle,  is  used  as  a  rule,  while 
in  the  interior  and  Seward  Peninsula  the  sizes  0,  1,  and  2,  using  from 
2-  to  4-inch  nozzle,  are  preferable.  The  donhle-joint*d.  hall-hearing 
giant  ia  the  favorite  type.     Deflectors .  are  not  coniuionly  used  with 
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sizes  })olow  \o.  i>.  while  in  working  on  the  Klondike  ]>encheH  the  prac- 
tice is  in  favor  of  butt  ends  even  with  hirger  giants. 

The  giants  used  in  Alaska  an*  almost  excliisively  of  California  inaii- 
ufaeture,  althougli  in  the  Atlin  and  Klondike  districts  some  of  Cana- 
dian make  aie  used.  The  importance  of  uaing  water  as  free  as 
possible  from  solid  matter  in  suspension  should  be  considered  and 
great  care  should  })e  taken  to  tnip  alh  foreign  material  at  the  pressure 
box.  The  rifling  in  the  barrel  of  the  monitor  and  the  boring  of  th«» 
nozzle  nvo  also  of  the  first  importance,  and  opemtors  will  find  it 
expcMisive  to  use  other  than  standard  and  well-tried  makeH  of  giants. 
A  uK^thcMl  of  blueing  giant  is  shown  in  lig.  28.  In  soft  H<*hist  bed  rock, 
how  ever,  it  is  freciuently  necessary  to  brace  with  deadman  and  cable. 


Scale 
o         6         la        IS 
'  '  '  ' 


»ihchM 


bed    rock 

Vui.  liH.— Moihcxl  of  braciiiy  tsUini. 


MKTHDOS   OK    IMPINO    TO   8LUICE. 

Tt  has  ])een  fomul  that  some  o])erators  in  the  north  are  in  favor  of 
setting  the  giant  on  the  toj)  of  the  bank  and  piping  downstream.  This 
is  the  practice  on  McKec  Creek,  Atlin  district,  and  in  the  Nome  and 
('ouncil  districts.  Altliougli  (lie  duty  attained  by  the  miners  inch 
does  not  i)rove  this  to  be  advantageous,  it  should  be  remembered  that 
the  height  of  })ank  to  be  operated  on  is  g(»nerally  small — from  15  to  r)0 
fe(^t.  There  is  little  caving  to  Ix^  done  Avith  the  pipe,  and  except  in 
the  case  of  tlic  rounded  gravels  of  tlie  Klondike  ''  White  Channel/'  it 
is  thought  tiiat  the  watei*  uiuhM*  pressure  assists  in  moving  the  material 
to  the  sluice.  Kxperieiu^e  does  not  indicate  that  the  attempt  to  drive 
the  gravel  with  the  nozzle  is  verv  eirec(iv<\ 

Tli(»  various  precautions  conc<u*ning  keeping  the  gravel  bank  square, 
the  prevention  of  dangt'rous  caves,  and  the  necessity  of  C/Ontinuous 
work  during  tlu^  short  s(^ason  are  well  known  to  the  hvdmulic  miner 
in  anv  count rv.  In  working  tlie  shallow  graved  ])anks  of  Alaska  it 
should  be  borne  in  mind  that  th(»  giants  must  }»e  frecpieutly  movetl 
and  th(»  tail  sluice  extended.  These  operations  consume  time,  and  the 
most  exp»Mlitious  system  possible  for  i)erforming  them  should  be 
adopted  at  tin*  connncMicement  of  the  short  >^(^ason. 

Fig.  )i\^  shows  the  method  of  rigging  up  a  hydraulic  mine  on  one 
of  thc^  narrow  benches  of  White  ( 'hannel  tfravel  l>ord(^rincr  Bonanza 
Creek  in  th<'  Klondike,  atul  1*1.  XXIII,  //.  shows  a  ])ortion  of  the 
irround  which  has  ])een  worked  as  indicatJMJ  in  the  sketch. 
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111  piping  against  a  40-foot  bank  of  frozen  gravel,  as  here  illustrat/cd, 
it  has  l>eeii  found  good  practice  to  use  the  giant  against  a  certain  part 
of  the  bank  from  two  to  six  hours  a  day,  and  allowing  the  gi*avel  to 
thaw  the  remainder  of  the  twenty-four  hours.  Piping  continuously 
against  41  frozen  bank  is  a  waste  of  water  and  power.  (See  PI.  XXIV, 
//.)  The  use  of  powder  is  of  no  avail.  Even  if  the  gravel  is  broken 
otf  and  uioved  to  the  sluice  in  frozen  chunks  it  can  not  be  washed  nor 
can  th(*  gold  be  extnicted  from  it.  A  combination  of  water  under 
pn^ssure  and  of  the  action  of  the  sun,  rightly  adjusted,  is  most  effective 
in  thawing  frozen  gmvel.  Mr.  J.  P.  IIut<»hins  says  that  for  200  to  250 
miner's  inches  of  water  a  face  covering  50,000  square  feet  should  l>e 
allowed  on  the  shady  side  of  hills,  while  a  much  less  surface  will 
sufKce  on  a  sunny  slope. 
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Fi(t.  itt).— Method  of  hydraulh'king  frozen  snivel,  Klondike  bencht^s. 

It  will  be  noticed  that  in  the  Klondike  operations  here  figured  deep 
trenches  or  ^'ground  sUiices"  an^  cut  in  the  bed  rock  leading  from  the 
face  to  the  head  of  the  tail  sluice.  The  cutting  and  constant  extension 
of  such  tren(!hes  is  a  necessity  in  almost  any  hydraulic  operation,  to  a 
greater  or  less  extent,  and  forms  a  considerable  item  of  expense.  At 
the  time  here  figured  four  mc^n  in  twenty-four  hours  were  employed 
all  the  time  in  blasting  out  the  bed-rock  cuts,  the  expense  amounting 
to  not  less  than  $50  a  da}.  In  some  cases  the  bi^nch  miners  have 
sunk  a  shaft  at  a  central  part  of  the  ground  and  run  a  long  tunnel  on 
the  grade  of  the  sluice,  to  which  all  the  gravel  is  moved.  Although 
such  tunnels  carrying  the  tail  sluice  will  be  from  200  to  500  feet  in 
length,  and  will  cost  from  li>3,000  to  lj>10,0(K),  they  will  generally  be 
found  less  (expensive  than  the  constant  cutting  of  trenches  to  connect 
with  the  main  sluice  carried  as  shown  in  the  plant. 


BANK-HKAI)   WATER. 

In  no  case  seen  in  the  North  has  the  amount  of  bank -head  water  been 
exce^ssive.  This  is  a  useful  accessory  to  the  mining  operations,  and 
where  it  is  available  should  be  used.  The  width  of  tail  sluices  should 
be  great  enough  to  allow  for  excess  wat(*r,  as  at  times  of  local  i*ains 
such  water  can  frequt^ntly  be  obtained  and  a  larger  amount  of  gravel 
therebj  assisted  in  reaching  the  slu\ce. 
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PI.  XV,  B  (p.  92),  shows  h^'dmulic  operations  in  Silver  Bow  fiasin, 
Alaska,  and  illustrates  the  use  of  the  bank-head  water. 

DUTY   OF  A   miner's   INCH. 

This  term  is  applied  to  the  quantitj^  of  material  moved  by  1  inch  of 
water  in  twenty-four  hours.  It  depends  on  quantity  of  water,  char- 
acter of  material  washed,  height  of  bank,  size  and  grade  of  sluice,  and 
kind  of  riffle.  In  many  mines  the  gravel  may  l>e  easily  broken  down 
and  carried  to  the  sluice,  but  may  be  verv  hard  to  move  through  the 
sluice  on  account  of  a  light  grade,  disproportionate  width  of  box,  or 
the  use  of  obstructive  riffles.  Thus,  according  to  Bowie,  in  the  North 
Bloomtield  mine  the  duty  varied  from  3.86  to  4.8  cubic  j'ards,  with 
100  to  205  feet  of  bank,  sluice  6  feet  wide  by  32  inches  deep,  grade 
64  inches  in  12  feet.  At  La  Grange  mines,  on  the  other  hand,  the  duty 
was  from  1.08  to  1.82  cubic  yards,  height  of  bank  50  to  80  feet,  sluice  4 
feet  wide,  30  inches  deep,  and  grade  3  inches  in  12  feet  In  bothcase^ 
the  riffle  pavement  was  principally^  blocks. 

Table  11  (p.  139)  is  instructive  as  showing  the  variation  in  duty  of 
the  miner's  inch  under  the  different  governing  conditions  in  the  North. 
The  duty  of  the  miner's  inch  in  the  Klondike  is  large,  estimated  at  8 
cubic  yards  in  twenty-four  hours  in  the  operation  describexl  on  page 
137,  with  water  under  130-foot  head  and  a  grade  of  12  inches  to  12  feet 
in  the  sluice  boxes,  a  variable  amount  of  bank-head  water  from  25  to 
100  miner's  inches  being  used.  The  high  duty  is  accounted  for  by  the 
fact  that  the  material  washed  is  well  rounded,  by  the  absence  of  large 
stones,  heavy  grades  to  sluices,  and  the  fact  that  block  riffles  are  gen- 
erally employed. 

The  low  duties  at  Nome  are  accounted  for  principally  by  the  fact 
that  one-half  to  two-thirds  of  the  water  is  jjcnerallv  diverted  for  use 
in  the  hydniulic  tailings  lifts,  and  partly  by  the  fact  that  the  gravel  is 
flat  and  rough.  Iron  riffles  are  generally  used,  but  this  factor  plays 
little  part  on  account  of  the  short  sluices  in  use. 
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The  duty  jrivcn  above  is  based  entirely  on  statomont.s  made  by  the 
operators,  and  owing  to  the  short  amount  of  running  time  which  has 
furnished  the  data,  no  particular  case  can  be  considered  of  high 
authority.  It  will  be  seen,  however,  that  the  different  operations  in 
each  separate  province  present  a  certain  amount  of  agreement. 

In  stripping  operations  where  the  "frozen  muck"  is  removed  by 
water,  ground  sluicing  appears  to  be  nearly  as  efficient  as  the  use  of 
water  through  the  nozzle,  both  in  the  interior  and  Seward  Penin- 
sula. This  peculiar  material,  from  50  to  75  i>er  cent  ice,  is  easily 
thawed  when  exposed  to  the  atmosphere  and  to  flowing  water.  It 
appears  rather  to  be  melted  than  cut  away,  therefore  the  impact  of  a 
hydraulic  stream  adds  little  to  the  efficienc}^  of  a  given  quantity  of 
water. 

It  is  stated  by  the  Klondike  operators  that  were  the  "White 
Channel"  gravels  unfrozen  the  duty  of  the  inch  would  be  twice  as 
large.  This  is  not  impossible,  as  the  bench  gravel  presents  most 
favorable  characteristics  for  easy  handling.  In  its  frozen  state,  how- 
ever, the  bank  has  the  consistency  of  fresh  granite. 

In  Seward  Peninsula  the  instances  tabulated  are  mostly  those  where 
hydraulic  lifts  are  employed.  The  duty  has  been  given  in  teniis 
of  the  total  amount  of  water  used,  including  bank  head,  monitor,  and 
ehn^ator  water.  In  the  cases  where  elevators  are  used  the  grade  and 
dimensions  refer  to  the  bed-rock  sluice  leading  to  the  throat,  and  do 
not  refer  to  the  tail  sluice. 

HANDLING  OF  BOWLDERS. 

The  handling  of  large  bowlders  in  northern  hydraulic  operations 
does  not  present  serious  problems.  Where  hydraulicking  is  possible 
it  is  generally  found  that  all  the  material  is  small  enough  to  go 
through  the  sluice.  In  the  districts  visited  during  the  season's  work 
the  Atliri  district,  of  northern  British  Columbia,  was  characterized  by 
gravels  containing  large  bowlders,  which  had  to  be  derricked  out  or 
sledged  in  the  pit.  The  practice  of  ''bulldozing"  or  '^ plastering" 
bowlders  to  break  them,  by  placing  sticks  of  powder  on  top,  covered 
with  a  nmd  cap,  is  not  to  be  recommended  on  account  of  the  expense 
of  powder.  Sledging  into  pieces  small  enough  to  })e  sent  to  the  sluice 
will  generally  be  found  the  (cheapest  method,  especially  as  bowlders 
consisting  of  hard  and  tough  rocks  are  not  frequently  encountered. 

Mr.  J.  D.  Ilauer,  in  a  recent  article,''  states  that  in  general  contract 
work  under  given  conditions  the  cost  of  sledging  sandstone  bowlders 
varied  from  1  to  9  cents  per  cubic  3^1x1;  "  mud  capping"  or  '*  bulldoz- 
ing" costs  from  IS  cents  to  as  much  as  51  cents;  "blocking,"  or 
breaking  by  drilling  and  blasting,  costs  from  11  to  18  cents;  while  the 
method  of  placing  the  powder  charge  under  the  bowlders  costs  from 

aEngineering  Newn,  quoted  in  Mining  and  ScieulVftc  Vi««a,  ¥«ife.^^\Sfife. 
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15  to  17i  cents  per  cubic  j'urd.  He  recommends  the  method  hsi 
mentioned  its  a^inst  bulldozing,  or  placing  charge  on  top,  as  powder 
is  saved  and  there  is  the  additional  advantage  that  much  of  the  rock 
is  thrown  out  of  the  cut. 

The  pnu»tice  of  installing  large  and  expensive  derricks  as  an  adjunct 
to  hydraulic  mining  is  not  generally  recommended  for  Alaskan  worL 

SLUICES  AND  GOLD-SAVING  APPLIANCES  IN  HYDRAULIC  • 

OPERATIONS. 

In  the  South  Coast  i-egion  the  plant  of  the  American  Gold  Mining 
C-ompany  in  Silver  Bow  liasin  is  characteristic.  This  sluice,  while  not 
in  use  during  the  season  of  1904,  has  been  operated  since  19()1,  and  is 
t^'pical  of  the  most  favorable  conditions  under  which  hydraulic  tail 
sluices  can  Im  constructed  in  southeiust  Alaska. 

A  \)-  by  lU-foot  tunnel,  3,300  feet  in  length,  was  driven  through  a 
spur  of  the  mountain  from  the  bank  of  Gold  Creek  to  tap  the  gravel 
pit  at  the  proi>er  depth  for  reaching  the  lowest  sag  in  the  bed  rock. 
The  grade  of  the  tunnel,  like  that  of  its  contained  sluice,  is  4  inches 
to  12  feet.  It  was  driven  with  air  at  the  rate  of  8  feet  a  day  in  slate, 
at  a  cost  of  ^20  per  foot.  No  timbering  is  used,  with  the  exception 
of  a  few  sets  near  the  ends. 

The  sluice  running  through  the  tunnel  is  4  feet  wide  and  4  feet  10 
inches  dee]),  inside  measure,  of  :^-inch  native  lumber,  lined  with  1-inch 
'"sand"  or  lining  boards,  all  lumb«»r  planed  and  sized.  The  sills  are 
laid  on  bed  rock,  and  are  ♦>  inches  square  and  5  feet  long,  the  posts 
being  also  of  th«^  same  size.  Posts  and  sills  are  braced  by  1  by  8  inch 
pieces.  The  sluice  is  H,TOO  feet  long  from  the  tunnel  entrance  and 
extends  for  900  feet  up  the  bed  of  the  pit  through  the  worked-out 
ground.  Bowlders  as  large  as  10  inches  in  diameter  are  handled  in 
this  sluice  without  ditlicultv.  The  amount  of  water  used  varies 
according  to  the  season,  but  averages  2,500  inches.  Riffles  are  12-  by 
I'i-  by  12-inch  spruce  blocks  set  on  end,  separated  by  IJ-  by  2-inch 
strips,  set  on  edge  and  nailed  with  headless  nails.  The  duty  of  a 
miner's  inch  of  winter  is  2  cubic  yards  por  twenty-four  hours.  The 
amount  of  lumber  necessary  for  constru<*ting  one  box  of  a  sluice,  such 
as  the  above,  approximately  i,10()  feet,  is  probably  excessive  for  the 
needs  of  the  case.  Local  conditions  in  the  North  frequently  result 
in  increased  expenditure  for  the  sake  of  hastening  work.  About  25 
pounds  of  nails  were  consumed  to  eacli  l)ox,  and  §10  worth  of  labor. 
Tlur  cost  will  not  fall  greatly  below  §30  per  box  of  12  feet,  exclusive 
of  cost  of  tunneling  and  shooting  out  the  bed  rock  to  grade  in  carry- 
ing n\)  the  boxes  through  tlie  pit.  The  animal  cost  of  maintenance, 
inchuling  renewal  of  riffle  blocks,  which  last  two  years,  and  renewal 
of  lining  boards,  is  approximately  §1,000  a  year. 
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In  the  saving  of  the  gold,  which  is  fine  and  rough,  23  flasks  of  quick- 
silver are  distributed  in  the  boxes.  One  flask  of  (quicksilver  is  con- 
sumed per  month. 

Six  undercurrents  are  placed  near  the  end  of  the  sluice,  within  a 
length  of  from  300  to  500  feet  of  the  end.  They  are  transversely 
arranged,  24  by  14  feet  in  dimensions,  and  on  a  grade  of  10  inches 
to  12  feet.  The^^are  furnished  with  Hungarian  riffles — wooden  strips 
with  flat  strap  iron  nailed  to  the  top. 

The  first  000  feet  of  the  nTK— LT'Nj'^nH 

sluice  are  cleaned  up  month-     , 111  |      n       if      [ 

ly,  and  in  this  length  75  per 
cent  of  the  gold  is  said  to  be 
saved.  The  remainder  of 
the  sluice  is  cleaned  up  once 
a  year.  The  experience  with 
the  undercurrents  was  not 
satisfactory,  as  very  little 
gold  was  caught  in  them. 

It  should  be  especially 
noted  that  in  the  South 
Coast  province  the  placer 
gold  is  of  recent  origin,  is 
not  removed  more  than  a 
mile  from  its  original  source, 
is  low  in  fineness  (in  the 
present  case  $16.50),  and  is 
bright  and  rough.  How- 
ever finely  divided,  such  gold 
is  easy  to  save,  and  the  ad- 
vantage of  undercurrents 
may  be  questioned.  In  the 
interior  of  Alaska  the  case 
is  different,  as  will  be  seen. 

In  the  Atlin  district  of 
British  Columbia  the  grades 
attainable  in  the  tail  sluices 
are  generall}'^  low,  from  3  to 
5  inches  to  the  box  length  of  12  feet.  McKee  Creek  forms  an  excep- 
tion to  this  rule,  the  grade  being  S  inches  in  the  sluices  of  both  the 
plants  now  operating  there.  The  practice  of  the  Amalgamated  McKee 
Creek  Mining  Company  on  this  creek  is  as  follows: 

The  sluices,  of  which  there  are  two,  are  OOO  and  TOO  feet  long.  The 
grade  is  8  inches  to  12  feet,  and  the  inside  dimensions  of  the  sluice, 
exclusive  of  lining  boards,  are  29  inches  wide  by  38^  inches  deep,  as 
illustrated  in  fig.  30. 


Section  alon^theline  Y-Y 
Scale 


tfM« 


Fkj.  30.— Sliiire  b<»x  used  on  McKec  (  reok,  Atlin,  British 

Coluipbia. 


144  GRAVKL    AND    TLACKK    MINING    IN    ALASKA.  Ibill,J68. 

Th(i  amount  of  liuiilmr  in  a  sluice  l)ox  like  that  figured  is  a8  follows: 

8  ix>8t8,  4  by  4  inches  by  3J  feet. 
4  sills,  4  by  (i  inches  by  6  feet. 
IH  bnEU*«,  IJ  by  4  in(;hcs  by  1  foot. 
1  top  rail,  1 J  by  8  inches  by  12  feet. 
10  iMjst  straps,  1 J  by  2  by  4  inches. 

3  bottom  boards,  1 J  V)y  8  inches  by  1 2  ft^it. 

1  lx)ttom  lK)ard,  U  by  4  inches  by  12  feet. 

4  side  boanls,  1  by  8  inches  by  12  feet. 
0  side  boards,  1 J  by  8  inches  by  12  feet. 

2  lining  boards,  1 J  by  8  inches  by  12  feet. 
48  riffle  blcicks,  8  by  8  by  12  inches. 

10  riffle  strips,  I  by  3  by  28  inches. 

Each  box,  with  riffle  blocks,  contains  approximately  540  feet  of 
luml)er. 

The  use  of  8-inch  lumber  is  a  necessity  if  native  timber  is  used, 
12-inch  lumber  being  very  scarce  and  the  expense  of  employing  it 
prohibitive.  The  cost  of  each  box,  including  riffles,  avei'ages  JJ25, 
sluice  lumber  being  W:5  per  thousand  and  the  riffle  blocks  costing  $»> 
per  box  length.  The  setting  of  the  riffle  blocks  with  alternate  si>ac- 
ing,  a;^  represented,  is  said  to  be  advantageous,  causing  a  cro.ss  circu- 
lation and  consequent  stirring  action.  The  riffles  are  nailed  in  sets 
of  three  to  a  riffle  strip  outside  the  flume,  and  are  piled  up  ready  to  be 
put  in  position  as  occasion  demands.  Pole  riffles,  12  feet  in  length,  niadr* 
of  8-  by  3-inch  strips,  sot  with  a  right-iingle  uppermost  and  shod  with 
angle  iron,  are  used  in  a  portion  of  the  boxes.  A  space  is  left  between 
the  K)wevst  angle  and  the  bottom  of  the  box,  the  long  strips  being  set 
with  a  gain  into  cross  strips,  (I  feet  apart.  The  ])locks  are  being  grad- 
ually replaced  by  this  type  of  pole  riffle.  The  gold  is  coarse,  and  it 
is  said  that  undercurrents  would  be  of  no  advantage.  In  the  first  1m)x 
85  per  cent  of  the  gold  is  caught.  In  the  first  five  boxes  all  the 
gold  is  caught  which  pays  to  clean  up.  In  one  clean-up  5f25,(M)0  was 
caught  in  the  first  box,  as  against  ^1,900  in  the  remainder  of  the  7<)o- 
foot  shiice.  The  clean-up  of  the  upper  two  boxes  takes  place  once  in 
two  WTcks.  In  this  sluice  the  miners  inch  is  said  to  have  a  duty  of  4 
yards.  A  new  box  is  put  on  the  end  of  the  tail  sluice  every  two 
days.  When  the  end  of  the  sluice  is  spread  into  Y's,  a  hinged  gsite, 
with  steel  plates  on  both  sides,  is  used  for  diverting  the  water  and 
tailings  into  one  or  the  other  branches. 

Experience  on  McKee  Creek  appears  to  show  that  the  gold  is  saved 
in  a  companitively  short  distance.  Yet  gravel  miners  in  California 
maintain,  and  with  apparent  reason,  that  the  longer  the  sluice  the 
more  gold  will  be  saved.  For  example,  at  the  Hidden  Treasure  drift 
mine,  in  P^ldorado  County,  Cal.,  it  was  stated  to  the  wM'iter  that  the 
2,500  feet  of  sluice  boxes,  19  by  21  inches  in  the  clear,  with  iron  c*ar 
wheel  and  rack  riffles,  and  an  undercurrent  attached,  were  insufficient 
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U)  save  the  gold.     The  sluice  has  a  grade  of  14  inches  to  12  feet,  and 
\H)  pounds  of  (luicksilver  were  used  in  charging  the  sluice. 

The  percentage  of  gold  in  the  upper  120  feet  of  the  sluice  was  as 
follows: 

Per  cent. 

In  upjwr  1  foot 75.0 

III  upper  10  feet 8.4 

In  next  50  fee t 9. 6 

In  next  60  feet 2. 0 

This  portion  of  the  sluice  was  cleaned  up  monthly,  and  was  fur- 
nished with  old  car  wheels,  regarded  as  the  l>est  riffle,  and  with  iron 
Hungarian  riffles. 

The  upper  1,000  feet  of  the  sluice  was  cleaned  up  once  in  three 
months,  and  the  whole  sluice  and  undercurrents  annually.  Five  per 
cent  of  the  total  product  was  obtained  from  the  lower  2,380  feet  paved 
with  quartz  stones,  and  it  is  estimated  that  an  amount  equal  to  2  per 
cent  of  the  total  product  escaped  into  the  canyon  below.  It  was  stated 
that  one-half  mile  of  this  canyon  was  leased  to  the  Chinese  for  $5,000 
per  annum,  who  cleaned  up  at  a  profit  the  gold  which  had  escaped. 
The  undercurrent  was  not  regarded  as  of  great  value,  except  for  the 
saving  of  excessively  fine  gold  and  free  quicksilver  and  gold  with 
(|uartz  attached. 

Mr.  W.  M.  Johnson  informed  the  writer  that  in  Nevada  County, 
Cal.,  in  the  case  of  a  sluice  1^  miles  in  length,  the  first  five  out  of  a 
total  of  seven  undercurrents  proved  an  economic*,  success,  the  last  two 
hardly  paying  to  clean  up.  It  was  found  best  to  clean  the  five  under- 
currents at  intervals  of  two  weeks. 

The  experience  on  Pine  Creek,  Atlin,  in  the  matter  of  saving  gold 
is  not  so  satisfactory  as  on  McKee  Creek,  according  to  operators' 
statements.  PI.  XXIIl,  A  (p.  132)  shows  one  of  the  120-foot  sluices  of 
the  Pine  Creek  Power  Company.  It  is  5  feet  by  40  inches,  has  a  grade 
of  5  inches  in  12  feet,  and  is  paved  with  block  riffles.  The  under- 
current, 14  by  24  feet,  on  a  10-inch  gi-ade,  was  one  of  the  few  instal- 
lations of  the  kind  seen  in  the  northwest.  It  was  understood  to  be 
but  the  beginning  of  experiments  aiming  to  save  the  fine  gold  that 
escaped  with  an  excessive  amount  of  black  sand.  The  amount  of  gold 
recovered  is  43  cents  per  cubic  yard,  as  stated,  and  the  opinion  was 
expressed  that  a  large  percentage  of  fine  gold  escapes.  The  under- 
current itself  had  not  been  installed  a  sufficienth^  long  time  to 
determine  its  efficiency. 

The  Atlin  gold  is  derived  from  older  gravels  through  which  the 
present  streams  cut.  The  gold  is  for  the  most  part  coarse,  but  is  well 
rounded.  That  a  certain  i)ercentage  of  it  is  fine,  specimens  collected 
show.  It  is  very  pro})able  that  an  undue  proportion  of  such  bench 
gold  will  escape  from  a  sluice  of  the  short  dimensions  figured. 

Bull.  263—05 10 
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Drop-offs  are  not  used  In  any  of  the  ^sluices  seen  in  Alaska  or  the 
Noi-th.  (irade  is  lackinjif,  it  is  true,  j^et  in  the  case  above  mentioned 
there  was  a  space  of  25  feet  vertically  between  the  end  of  the  sluice 
and  the  creek  bed  which  served  as  the  floor  of  the  dump.  One  or  two  . 
drops  of  ()  inches  in  the  short  sluice  would  seem  entirely  practicable, 
and  would  certainly  be  advisable.  Cemented  gravel  does  not  occur 
generally  at  Atlin,  but  layers  of  clay  are  found  in  the  pay  streak. 
Such  clay  can  not  be  proi)erly  disintegrated  in  a  short  sluice,  but  will 
roll  in  balls  through  the  entire  string  of  boxes,  carrying  with  it  not 
only  the  gold  inclosed  in  its  mass,  but  picking  up  gold  already  lying 
at  rest. 

A  useful  device  to  tighten  the  bottom  boards  of  sluice  boxes 
l)efore  nailing  is  shown  in  fig.  31.  It  is  claimed  that  no  tongue  and 
groove  are  necessary  with  this  appliance. 

In  the  Atlin  district  the  mining  operations  are  hindered  by  heavy 
floods  in  the  early  part  of  June.  At  the  property  of  the  Societe 
Minicre  on  Bowlder  Creek,  it  is  the  practice  to  cover  the  sluice  with 
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Fui.  31.— .Sitlo-txwitl  tighteiKT  nsod  in  making  sluice  boxes,  Atlin,  BritiRh  Columbia. 

a  scries  of  small  proU»ctivc  dams,  so  that  the  debris  brought  down 
by  the  annual  flood  may  not  injure  the  boxes.  This  debris  is  after- 
wards piped  off,  at  the  cessation  of  the  high  water,  and  the  dams 
are  then  removed. 

The  following  details  of  this  plant  were  kindly  furnished  bv 
M.  lIcMiri  Maluin,  of  the  Societe  Miniere  de  la  Colombie  Britannique, 
and  will  be  of  interest: 

TIio  in-<>jK^rty  on  Bowlder  Crcvk  o|H»ratp<l  by  the  Soci^t6  Mini(^re  de  la  Colombie 
l^ritanni<|n(^  is  nituated  in  the  Atlin  mining  division  of  the  Caesiar  district,  Britinli 
Colmiihia,  12  miles  from  tlio  town  of  Atlin,  on  Atlin  I^ke.  Operations  were  starte^l 
in  June,  ltM)l,  and  the  property  has  hoen  worked  continuonBly  during  the  oi>en 
s(»ason  ii]>  to  tlie  j^resent  tini(\  Tlie  prodn«*t  of  irold  has  l)een  3,440  ounces,  worth 
ii^l  »>.(>;*>  per  niin<'e.  The  p;old  is  ratlier  eoarse,  and  nn^^ets  up  to  10  ounces  in  weiglit 
are  f<Mnid.  \V«»rk  is  earned  on  botli  in  th«^  present  IkhI  of  Bowlder  Creek  and  on 
IxMiches  lyinj:  at  approximately  the  same  level  as  the  ere(ik  l>ed.  The  gold-beariii;; 
channel  is  about  150  feet  wide,  the  jjrade  of  the  erettk  IhmI  varying  from  6  per  cent 
to  as  hi;;h  as  10  in  the  upi»er  end.  Where  work  is  now  carried  on  it  is  6.1  per  cent. 
The  deptii  of  ground  averages  from  25  to  50  feet,  of  which  the  lower  6  feet  is  coxuid- 
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erexl  the  pay.  The  be<l  rock  is  a  soft  slate  of  >^reenstone  variety,  althouj^h  ^i^ranite 
occurs  at  the  head  of  the  creek.  The  gravel  to  Ikj  moved  is  rather  heavy  in  charac- 
ter, stones  from  18  to  30  inches  in  diameter  composing  50  per  cent  of  the  mass, 
though  the  usual  diameter  of  the  stones  approximates  6  inches. 

In  the  season  of  1904,  a  season  being  retrkoned  at  100  days,  with  400  miner's  inches 
of  water  available,  40,000  cubic  yanls  of  gravel  were  moved,  at  a  cost  not  far  from 
50  cents  per  cubic  yard.  It  is  expecte<l  that  mining  will  be  done  in  the  future  for 
40  cents  per  cubic  yard,  including  all  expenses.  Mr.  Maluin  states  tha^  35  cents 
would  be  a  low  estimate  for  the  Atlin  district,  in  gt»neral,  for  hydraulic  work  under 
the  conditions  obtaining  on  Bowlder  Creek.  Dirt  is  occasionally  moved  for  10  cents 
a  cubic  yard,  and  again  patches  of  hard  gravel  are  encountered  which  cost  over  a 
dollar. 

An  average  of  25  men  are  employed  during  the  summer  season  at  wages  of  $3  per 
day  of  ten  hours,  and  board.  The  season  is  oi)en  from  June  1  to  September  15. 
Sl)ruce  and  pine  are  obtainable  on  the  projHjrty,  though  it  isdifTicult  to  obtain  boards 
w^ider  than  8  inches.    Saweil  flume  lumber  costs  $40  per  thousand. 

The  water  for  hydraulicking  purposes  is  brought  to  the  claim  from  higher  up  in 
Bowlder  Creek  by  a  flume  3,000  feet  in  length,  size  24  by  24  inches,  having  a  grade 
of  1  inch  in  12  feet.  It  has  an  estimated  capacity  of  alx>ut  700  miner's  inches,  but 
actually  400  inches  is  generally  available  at  150-foot  head.  The  ynyye  line  is  16-inch 
steel  to  the  Y,  then  14-inch  to  the  two  giants.  Vancouver  pipe  is  used,  but  the  giants 
are  California  make.  The  average  height  of  bank  is  50  feet,  and  the  giants  have  no 
difficulty  in  (tleaning  bed  rock. 

The  sluice  is  1,400  feet  in  length  and  cost  $6,000.  It  is  24  inches  wide  on  a  grade 
of  4  per  cent,  corresponding  very  nearly  to  6  inches  to  the  12  feet.  Bottom  boards 
are  1^  inches  thick,  sides  U  inches  thick,  while  sills  and  posts  are  4  by  6  inches. 
It  is  possible  to  keep  a  drop  below  the  end  box  of  35  feet  for  dump.  In  piping, 
the  head  box  is  kept  within  30  feet  of  the  bank,  and  four  men  for  one-half  day  are 
needed  to  place  a  new  box  at  the  head.  Block  riffles  are  used  at  the  head  of  the 
sluice  followed  by  rails.  Very  little  quicksilver  is  necessary,  and  it  is  found  that  no 
gold  is  recovered  beyond  250  feet  of  lx)xes.  Undercurrents  are  not  used.  Bowldere 
arc  removed  from  the  pit  by  flat  hand  cars  running  on  a  steel  track.  If  too  large  for 
this,  which  is  seldom  the  case,  they  are  plastered  and  shot  with  75  per  cent  dyna- 
mite. The  company  is  now  in  good  shape  to  operate  for  a  period  of  years,  and  esti- 
mates that  the  cost  will  not  exoeed  40  per  cent  of  the  product. 

The  company  leases  a  portion  of  its  ground  where  the  situation  is  not  advantageous 
for  hydraulicking,  and  this  is  drifte<l.  Although  the  drifting  operations  are  carried 
on  under  great  difficulties  and  require  cIoh*;  timbering,  the  work  is  said  to  have  been 
profitable. 

In  the  hydi-aulic  mining  of  the  *' White  CImnnel"  bench  gravels  of 
the  Klondike,  the  small  amount  of  water  available,  generally  from  1(X) 
to  200  miner's  inches,  necessitates  steep  grades  to  the  sluices.  The 
gold  is  recovered  with  comparative  ease  because  the  bench  gravels, 
after  being  thawed,  are  easily  disintegrated  and  washed,  and  clay  is 
absent  from  the  \my  streaks.  The  sluice  shown  on  PI.  XXIV,  A,  is 
carried  in  a  cut  in  the  outer  rim  rock,  on  a  grade  of  12  incrhes  to  the 
box  length  of  12  feet.  Twelve  to  fourteen  l)oxes  are  ordinarily  used. 
The  details  of  the  sluice  are  as  follows:  24  inches  wide  by  20  in<*-hes 
deep,  bottom  of  2-inch  and  sides  and  lining  of  l^-inch  lumber;  posts 
and  silts  2  inches  square;  sills  set  in  bed  rock;  riffles  of  spruce  blocks 
5  inches  high  and  9  inches  square.     These  cost  25  cents  apiece  and  last 
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Olio  reason.  Through  this  sluice  l.OOO  cubic  viu'cIk  are  washed  in 
twentv-four  hours  with  'jr»o  miner's  inchcss  of  water.  It  is  .stated  that 
J)0  per  <'ent  of  the  ^old  is  sav«»d  in  the  upper  0  boxes,  011I3'  1  i)or  cent 
of  the  total  ^old  l)eino;  h)st.  The  ^*"old  is  mostly  coai^sc  and  rou^h,  but 
very  fine  ^old  is  found. 

In  the  c4iseof  another  operation  workinj^  the  Ikmanza  Creek  lieiichc 
it  was  stilted  that  (jfold  was  found  the  entire  lenjfth  of  a  2,<XM>-f(K>t 
bed-rock  sluice,  followed  by  5tM>  fe«»tof  2-foot  wooden  isluice,  on  ^radc 
of  II  inches  to  the  box  length.  Block  rifHes  were  used  in  the  wooden 
sluice.  A  small  nug*^el  was  picked  up  2,<MH)  f<»et  from  the  head  of  tin- 
sluice.  Another  oix^.mtor,  usin*^  H'jt)  feet  of  2t>-inch  sluicij  boxes,  on 
12-inch  ^I'ade,  with  iron-shod  pole  ritHes,  said  that  2  per  cent  of  hi> 
gold  was  escai)inj^,  and  he  was  of  the  opinion  that  the  installation  of  an 
undercurrent  would  pay. 

In  a  hydraulic  operation  using  500  feet  of  }>oxes,  2  feet  wide,  1:^- 
inch  grade,  with  Idock  rillles,  and  working  a  i)ortion  of  the  "^Whitr 
Channel"  gravels  wliere  the  gold  is  very  fine,  l)right,  and  smooth,  it 
was  said  that  80  i)er  cent  was  caught  in  the  top  1m:>x,  85  per  cent  inside 
the  first  15  boxes,  and  that  none  was  found  in  the  two  end  boxes. 

In  a  bench  hydraulic  openition  on  Last  Chance  Creek,  Klondike,  a 
small  undercurrent  with  cocoa-matting  rillles  had  l)een  put  in  aft4*r4(H) 
feet  of  2-foot  slui(!es,  with  12-inch  grade,  using  block  riffles.  The 
undercurrent  ha<l  given  very  satisfactory  n»sults,  and  a  larger  one  wa«>: 
IjeiuiT  constructed  in  addition." 

Tlu*  above  data  indicate  that  where  iiydraulickiiig  is  possible  in  tli<^ 
Klondike,  th(»  gold-saving  appliaines  are  fairly  a(UMiuat<»  to  the  iuhh1> 
of  the  operations.  As  all  hyilianiic  mining  in  that  ri»gion  is  limited  to 
ancient  cliamiels  Ivitm  at  an  elesation  <>f  20(>  feel  or  more  al>ove  the 
pit^sent  streams,  water  is  exceedingly  scan-e.  and  sluicing  inethod> 
nmst  be  a(laj)ted  to  this  condition.  These  metliods  also  depend  on  the 
necessity  of  impounding  tailings  on  sleep  hillsides  (see  PI.  XXV,  7>), 
the  high  cost  of  labor  (^7. 50  a  day),  and  of  lumber ($8t)  jier  thousiuul 
f(M»t),  th(^.  necessity  of  making  <|nick  and  frequ(Mit  clean-ups,  and  the 
dill'iMent  economic  ratio  which  obtains  in  recovering  gold  from  small 
patches  of  rich  gravel  as  distinguished  from  larg(»  ))odies  of  low-grade 
gravel.  When  it  is  wtdl  (Established,  therefore,  that  no  great  percent- 
a«^e  of  i^old  is  es<*ai)ing.  it  is  likelv  that  the  extra  cost  of  installinir 
and  maintaining  com[>licated  saving  ap])liances  would  overbalance  the 
iiKtreaM*  in  gold  recovered.  The  use  of  droj)s  in  the  sluice.s,  and 
lesscMiing  of  grade,  might,  it  is  likely,  result  iti  an  increased  ssaving, 
with  no  extra  expense  of  mainteiiaii<-e.  excent  in  the  wear  of  riffles  at 
certain  points  in  the  slui<e>. 

"Sii-  Hnwii-.   A.  .F..  jr.:    A   I'lii'liial    rn':ili>i-  o!i    II\'lt;iii!!i-   Mitiitiy   in  <'nlif(>rniH,  p.  iJItl,  f«»r  mil 
•  loMTiplicn  <»1  umli.Tciirri.'iils  ami  IIh-  iiui  IhmI  i.i'  K  adint:  L:rav<I  in  i  liriii  from  tin*  inniii  sluice. 
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III  hydraulic  nleviitor  practice  ns  jnirMiioil  in  various  ]mrt»of  ScWHni 
J'i'tiin-iiila.  Alitskii.  sliovt  sluices  arc  hi  use.  Here,  ll<l'ls(^wlll'^■.ll^;llli^■t' 
is  p'liiTHlly  sot  in  l>e«i  roi-k  on  a  jjiiulr  <»f  U>  inclu's  to  12  fwt,  or  near 
this  ffnwie.  On  Opliir  Crock,  in  tlio  (.'omi<:il  dishirt.  Alaska, the  pnie- 
tice  is  to  use  from  10  to  12  boxos  of  12  feot  length,  2+  ini-hes  wide  and 
1".  int'lios  deep,  with  wooden  rail  or  [lolo  riffles,  shod  with  strap  iron, 
This  tends  to  the,  elevator  sump,  10  feot  deep.  The  position  of  tho 
cli'viit^ir  with  reference  to  tho  sluice  helow  it  is  shown  in  PL  XX\',  -1. 
Tlio  tail  sluiee  following  the  elevittor  in  tho  aise  spcoitied  is  '28  fwt 
hijjlier  than  the  head  sluioo.  The  tail  sluice  consists  of  live  !i-l-foot 
lK)xes,  i  feet  wide,  and  the  practice  is  to  give  the  lirst  I>ox  either  no 
grade,  or  a  grade  not  cxoeeding  2  inches.  The  other  boxes  are  graded 
from  2  to  5  inches  successively,  a  j>  inch  giiide  l>eing  retained  for  all 
Ih'Iow  the  fifth  Iwx,  if  more  are  ad<led.  On  Ophir  Cnsek,  wheits  there 
are  six  elevator  plants  in  operation,  iron  riffles  are  generally  used  in 
the  dis4;harge  sluice.  A  type  of  riffle  which  is  used  in  the  head  box 
is  made  of  railroad  iron,  cut  in  short  pieces  and  set  transversely  in 


the  box,  forming  a  Hungarian  riffle.  Another  kind  in  much  favor 
throughout  Seward  Peninsula  is  composed  of  a  set  of  T  rails,  in  sett  of 
4  laid  lengthwise  (sec  fig.  32).  These  are  made  with  a  locking  attach- 
ment, and  arc  put  in  the  sluice  upside  down.  T  angle-iron  riffles, 
made  in  1-foot  square  castings,  laid  in  the  sluice  so  that  the  slots  set 
longitudinally,  and  with  the  flat  side  uppermost,  are  also  very  satis- 
factory and  dunible.  and  on  account  of  their  lightness  facilitate  the 
clean-up. 

The  proportion  of  gold  caught  in  the  head  and  tail  sluices  varies 
acconling  to  the  practice.  At  Claim  No,  2,  below  Glacier  Creek,  the 
gi'avel  is  run  through  2r)0  feet  of  iron  Iwxes,  only  tlie  two  lower  of 
which,  next  the  elevator  sump,  contain  riffles.  These  iron  boxes  are 
10  feet  long.  31  inches  wide  at  tiic  top,  27  inches  at  the  bottom,  and  8 
inches  deep, of  asingic  bent  shet-t  of  iron,  lapping  2  inches  at  the  ends 
and  fastened  together  with  two  IhiUs.  The  material  slides  easily 
through  the  cut  in  these,  which  arc  laid  on  ('.-inch  grade  to  the  eleva- 
tor. It  is  said  that  oO  per  cent  of  the  gold  is  caught  in  the  last  two  of 
these,  and  50  per  cent  is  caught  in  tlie  tail  sluice  after  the  elevator. 
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In  the  elevatx)r  operations  on  Ophir  Creek  and  on  Basin  Creek,  in 
the  Nome  distri(*t,  it  is  siiid  that  75  per  cent  of  tlie  gold  is  caught 
before  the  elevator,  and  in  one  i^aae  no  gold  was  cauglit  below-the  first 
four  l>oxes  of  the  tail  flume.  The  experience  in  Sewai'd  PenioHula 
has  shown  that  the  gold  is  for  the  most  part  rough,  and  even  crystal- 
line, and  even  when  finely  divided  is  saved  with  ease.  One  marked 
exception  was  seen  at  Anvil  Creek,  where  a  500-foot  string  of  boxes 
on  4i-inch  grade  caught  gold  for  the  entire  length. 

TAILINGS. 

It  has  l)een  said  that  the  most  important  part  of  the  equipment  of 
a  hydi-aulic  mine  is  the  dump.  It  has  been  found  that  the  amount  of 
material  which  can  l)e  moved  is  governed  primarily  by  the  grade  of  the 
sluice  boxes.  Reference  to  table  11  (p.  139),  shows  that  there  is  a  fairly 
(constant  ratio  between  the  grade  of  the  tail  sluice  and  the  amount  of 
gravel  moved  through  it  per  twenty-four  hours  per  miner^s  inch  Of 
water  used. 

Since  it  is  a  prime  necessity  in  hydi'aulic  mining  operations  that  as 
large  an  amount  of  gravel  as  possible  shall  l)e  delivei'ed  through  the 
tiiil  sluice  and  disposed  of  on  the  dump,  it  is  evidently  of  the  highest 
importance  that  a  steep  grade,  12  inches  in  12  feet  if  possible,  and  on 
no  account  less  than  6  inches  to  12  feet,  should  be  available  for  the 
sluice.  It  is  manifestly  impo.ssi})le  to  secure  this  grade  if  the  natural 
slope  of  the  ground  or  creek  ])ott<)ni  over  which  the  material  is  run  is 
less  than  that  required  for  the  sluices.  The  grade  of  the  surface  must 
in  fact  be  more  than  that  of  the  sluice,  in  order  that  there  may  Ix^ 
ample  vertical  space  l)el<)w  the  end  of  the  lowest  box  for  the  tailings. 

In  hydraulic  opcnitions  on  bench  gravels,  as,  for  example,  in  the 
Klondike  region,  tho  conditions  for  obtaining  grade  for  tlie  sluices  are 
more  favoni})le  than  in  any  other  hydniulic  openition  of  the  North. 
The  gravels  of  the  Klondike  White  Channel  hencrhes  are  easily  moved 
after  the\'  are  thawed.  This  is  fortunate,  as  on  account  of  the  small 
amount  of  water  availa))l(*  hydraulic  mining  on  the  benches  would 
otherwise  ])e  impossible.  The  expense  of  keeping  up  dams  for 
impounding  tiii lings,  however,  is  considenible.  Naturall}'  the  barren 
tailings,  consisting  of  white  quartz  stones  of  the  size  of  paving  stones, 
can  not  ])e  allowed  to  wash  and  slide  down  to  the  creek  bottom.  Were 
this  j)erniitted,  the  creek  miners  would  soon  rind  their  cuts  flooded  and 
th<»ir  ground  covered  with  thousands  of  tons  of  useless  debris.  There- 
fore impounding  dams  for  tailings  must  l)c  constructed  of  the  strongest 
available  materials,  in  order  to  resist  the  weight  of  the  stones.  The 
cost  of  Imikling  tailings  dams  of  brush  and  ])o]es,  2U  feet  high^  in  the 
Klondike,  is  $5  per  linear  foot.  Retaining  dams  along  Bonanza  Creek 
in  the  Klondike  are  shown  on  PI.  XX\\  /J. 
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In  California  hydraulic  minCvS  the  dump,  even  after  a  series  of  drop- 
offs 25  feet  in  height,  was  sometimes  in  a  canyon  hundreds  of  feet 
vertically  below  the  end  of  the  sluice.  The  remarkable  topogmphic 
conditions  which  allowed  of  such  a  phenomenal  dump  probably  can  not 
be  found  in  another  placer  country,  and  certainly  not  in  those  portions 
of  Alaska  here  considered.  Even  in  California,  however,  it  was  often 
found  necessary  to  distribute  the  dump  by  means  of  Y's  near  the  end 
of  the  tail  sluice.  One  such  system  is  in  practice  on  McKee  Creek, 
Atlin,  and  has  already  been  referred  to.  In  hydraulic  operations 
where  1,000  cubic  yards  or  more  a  day  are  handled  with  low  dump 
two  carpenters  have  frequently  to  be  emplo3^ed  at  least  half  of  the 
time  in  adding  boxes  to  the  tail  sluice.  If  the  dump  be  properly 
spread  in  delta  form,  the  operation  can  be  carried  on  in  places  where 
otherwise  it  might  be  impossible. 

Where  hydraulic  operations  are  conducted  in  creek  beds  of  low 
grade,  below  the  so-called  ''sluice-box  grade,"  or  6  inches  in  12  feet, 
some  expedient  must  be  adopted  to  get  rid  of  the  accumulation  of 
tailings  below  the  end  of  the  sluice.  If  the  topograph}'  is  such  that 
the  water  nins  off  and  only  the  solid  residue  of  the  tailings  accumu- 
lates, the  expedient  is  sometimes  adopted  of  ''piping"  the  dump  away 
with  an  extra  giant  set  in  a  convenient  position  for  the  work.  This 
giant  generally  requires  the  services  of  one  man,  and,  although  used 
only  a  portion  of  the  time,  may  be  figured  under  Alaska  conditions 
to  add  from  2  to  5  cents  to  the  cost  of  handling  the  gravel.  The  effi- 
ciency of  the  plant  is  detracted  from  by  so  much  power  as  is 
required  to  push  the  tailings  out  of  the  way.  It  can  not  be  too  strongh^ 
insisted  on  that  when  this  or  any  other  device  is  used  to  move  or  ele- 
vate the  tailings,  the  strict  principle  of  hydraulic  mining  is  departed 
from.  The  use  of  the  steam  or  horse  scraper  in  removing  the  tailings 
of  small  plants  is  discussed  on  pages  70-72. 

If  the  grade  of  the  creek  bed  is  lower  than  that  necessary  for  the 
sluice.,  the  tailings  must  be  elevated  and  the  water  pumped  from  the 
pit.  Mechanical  elevators  with  the  addition  of  a  bed-rock  drain  are 
sometimes  used,  though  not  with  success,  so  far  as  known.  In  one 
case  on  Mastodon  Creek  of  the  Birch  Creek  district  the  installation  of 
a  steam  scraper  for  lifting  the  tailings  from  the  hydraulic  pit  was  con- 
templated, the  water  being  handled  by  a  bed-rock  drain,  which  had 
been  installed  at  great  expense. 

THE  HYDRAULIC  ELEVATOR. 

The  hydraulic  elevator  is  too  well  known  to  need  elaborate  descrip- 
tion. The  principle  is  the  same  as  that  of  the  injector.  Water  under 
pressure  dis<^harged  through  a  nozzle  set  within  a  steel  jacket  creates 
a  vacuum  and  causes  water — about  one-half  the  quantity  used  b\'  the 
elevator — and  accompanying  solid  material  to  rise  to  a  height  corre- 
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spi)ndinjif  to  approxiiiiatoly  1*)  por  cent  of  the  head  under  which  the 
wator  acts.  Many  (^levators  have  l>een  used,  and  they  all  act  on  the 
same  principle.  One  of  the  necessities  is  the  conzstant  adiiiiHsion  of  air 
with  the  tailings,  which,  by  l)eing  compressed,  aids  in  the  elevating,' 
process.  Those  elevators  are  considered  l)est  which  admit  air  most 
freelv. 

An  exceedingly  simple  form  of  hydraulic  elevator — the  80-<*alled 
'-open"  elevator  -is  in  use  in  southern  Oregon.  The  gravel  h*  piped 
directly  into  an  inclined  box  8  by  80  feet  in  dimeut^ions,  which  has  a 
false  bottom  of  punched  iron  plates.  All  the  fines  run  l>ack  on  the 
plank  floor  of  the  box  to  the  undercurrent,  the  oversize  falling  to  the 
tailings  pile  at  the  raised  end  of  the  box.  The  contrivance  is  a  make- 
shift, but  is  sjiid  to  be  successfuUv  used  in  the  flat  stream  beds  of 
southern  Oregon. 

A  hydraulic  elevator  will  sink  a  pit  in  a  flat  piece  of  ground  con- 
taining no  large  stones.  In  starting  new  work  on  placer  ground  it  is, 
in  fact,  the  pnictice  to  sink  the  pit  with  the  elevator.  The  portion  of 
the  hydmulic  elevator  shown  in  PI.  XXVI,  A^  is  in  position  in  the 
bottom  of  a  pit  40  feet  deep,  on  (ilacier  Creek,  Seward  Peninsula. 
This  pit,  which  is  IK)  by  ()0  feet  in  dimensions,  was  sunk  in  ten  days 
by  a  7-inch  elevator,  smaller  than  the  one  shown  in  the  picture,  using 
H^i)  miner's  ini'luvs  of  water  at  3(50  feet  head.  At  the  claim  next  higher 
up  the  cr(H»k  a  similar  eh'vator  was  in  use,  and  a  description  of  its 
operation  will  be  of  interest.  Seven  hundred  and  sixty  miner^s  inches, 
under  »K^o  f(»et  pressure,  were  used  in  the  operations.  The  water  is 
atl'orded  l)y  the  Miocene^  ditch,  described  on  pages  123-12f>.  Tlic  grade 
of  (f  lacier  Creek  do(»s  not  exceed  r)0  feet  to  the  mile  in  its  lower  por- 
tion, where  this  property  is  workc^d.  The  gravel  deposit,  which  is 
wide  and  'JO  f(»et  in  (le])th  to  bed  rock  (see  PI.  XXVL  B),  can  not  1h» 
workcnl  ))V  the  hydraulic  method  on  account  of  the  impossibility  of 
disposing  of  tln'  tailings.  Therefore  a  long  cut  is  ground-sluiced  oif 
to  tin'  depth  of  0  oi*  7  fe(»t  lu'low  the  surface.  Th(»  elevator  sump, 
which  must  l)e  aiK)ut  ;")  by  .")  f(»et  and  lo  fe(»t  into  the  })ed  rock,  is  sunk 
in  the  ))ottom  of  the  large  ])it.  The  elevator,  which,  with  the  head 
above  given,  lifts  3*>  feet,  is  s(»t  in  position.  For  this  gnmnd  a  No.  1 
el(»vator,  having  a  Jo-inch  throat  and  using -li-inch  nozzle,  is  employ- e<l. 

Th(»  hydraulic  elevator,  lik(^  the  one  shown  in  the  photograph,  is  by 
no  means  simple.  It  consists  of  ir>  large  parts,  some  of  them  very 
heavy,  and  a  num))er  of  rods,  bolts,  ))an(is,  and  wocnlen  staves.  The 
cost  of  the  oiK^  sliown  is  ap[)roxiruately  J?^7.")()  in  San  Francisco,  and  the 
weight  is  2,(MM)  ])ounds.  A  ])ipe  is  led  from  tlu*  supply  pipe  to  feed 
the  nozzle  r)f  th(*  eI(»vator.  It  is  connected  to  this  bv  mean.s  of  the 
ball  joint.  This  joint,  shown  in  tin'  photograj)h.  is  exceedingly  con- 
venient, as  it  allows  the  pipe  to  enterthe  pit  fronioneof  several  direr- 
tions.      \Vhen»  the  up<'ast  pipe  joins  the  top  easting  of  the  elevator  it 
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slinuld  Iks  nitulo  to  fit  ovci'  niul  oiit-sido  of  tliiw  enstinff,  so  timt  there 
will  \m:  iiu  leak.  Tho  cu^tiii^r  should  )ip  ririuiitid  otitside  to  a  depth  of 
2  iiifhes.  The  jacketing  of  the  nozzle  is  coiwidered  very  good  pmc- 
tii'c,  as  it  preventu  smotheriiiff  with  giiivel.  In  tlic  type  of  elevatur 
hero  shown  the  advantage  is  clainittd  thut  ibe  various  parts,  lining, 
Inn-king,  first  section  above  throat,  top  section,  etc.,  are  separate  and 
iiiiTfly  tit  tofjethor,  being  hel<l  by  a  ring  of  wooden  staves,  its  shown  in 
PI.  XXV,  ^1.  This  obviate:^  the  use  of  heavy  eastings.  The  njn-ast 
pipe  is  made  of  lap-welded  steel,  one-eighth  inch  in  thickness,  and 
either  lead  or  flange  joints  can  l)e  Hsed.  In  the  plant  described  tlie 
pipe  was  in  184-foot  lengths  and  the  joint  waj^made  by  I witing together 
w<xKlen  blocks,  10  by  13  by  'JJ  inchefi,  with  a  half-round  cut  made  to 
admit  the  pipe.     The  upca.it  pii>e  should  be  set  at  an  angle  of  fJO". 

By  far  the  most  important  parts  of  the  elevator  as  reganls  wear  are 
the  throat  and  the  hood  which  receives  the  imiMtc'tof  the  gravel  in  the 


head  box  of  the  tail  sluice  above.  These  two  parts  are  manganese  steel 
castings,  and  if  the  gravel  is  very  sharp  and  siliceous  may  wear  out  in 
one  season.  For  the  Ill-inch  elevator  the  throat  weighs40(ipoundsand 
the  hood  (i'MI  pounds  (price  1*>  <-ent«per  pound  in  San  Francisco).  The 
manner  of  setting  the  hood  in  the  head  box  of  the  tail  sluice  is  showii 
in  fig.  3H.  The  upcast  pipt-  is  laid  against  an  inclined  framework  of 
four  lengths  of  2-inch  plank  'i  feet  wide,  and  extends  directly  into  the 
Iwttomof  the  tail  slui<e.  (See  PI.  XXVIl,  ,1.)  Leading  to  the  throat 
of  the  elevator  dinH^itly  almvc  the  nozzle  is  a  sluice  Ixix,  which  conducts 
the  gravel  either  from  the  Ihixcs  preceding  it  or  fi-om  a  bed-rock 
sluice,  which  is  carried  luck  on  gi-ade  in  the  pit  bottom  as  fast  an  the 
gravel  is  pii>ed  down.  On  Cilacier  ('reek  the  gravel  is  led  to  the  ele- 
vator in  24-inch  iron  Ihixcs  on  (i-incli  grade,  with  or  without  rail 
riffles.  After  leaving  the  discharge  of  the  ujK^ast  pipe  the  gmvel 
passes  through  eight  or  nine  Sti-incli  boxes,  with  T-rail  riffles.    The  first 
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two  })oxes  have  4- foot  sides,  ivinforced  inside  and  out  with  sheet  iron, 
and  are  set  hi«^h  on  a  trestle  to  j^^ive  the  desired  elevation  for  nmintain- 
ing  the  diiinp.  The  grade  is  either  0  or  1  inch  in  12  feet  for  the  head 
})ox,  2  inches  for  the  second,  3  iiu'hes  for  the  tliird,  4  inche8  for  the 
fourth,  and  5  in(;hes  for  the  succeeding  boxes.  It  is  proposed  to  sup- 
phmt  wooden  shiice  ))oxes  on  this  claim  with  iron  boxes  8  to  10  feet 
long  and  from  2  to  3  feet  wide,  of  one  fourth-inch  sheet  iron,  weighing 
from  5()0  to  <)()()  pounds  eturh  and  costing  from  $15  to  $20  in  San  Fran- 
cisco. Five  hundred  and  twenty  miner's  inches  of  water  are  used 
for  the  elevator  and  24<)  inches  arQ  used  through  the  3-inch  nozzle  of 
the  giant.  The  water  is  distribut<?d  from  the  supply  pipe  by  11-inch 
pil)e  to  the  two  nozzle.s.  By  this  arrangement  500  cubic  yards  of 
gmvel  can  l>e  handled  in  ten  hours.  It  is  said  that  the  elevator  is 
not  handling  over  one-half  the  gmvel  that  could  be  put  through  it 
if  the  larger  amount  could  be  moved  to  the  throat.  Experiments 
with  scrapers  openited  by  water  ix)wer  are  in  progress. 

The  pmctice  here  is  tirst  to  run  ])ack  with  a  narrow  cut  250  feet  up 
the  creek  from  the  elevator  throat,  then  to  come  forward  toward  the 
elevator,  breaking  down  the  sides. 

If  the  <*ut  is  150  feet  wide,  2i)0  feet  long,  and  25  feet  deep,  a  new 
set-up  nuist  ))e  made  every  thirty-four  days,  assuming  that  the  plant 
is  run  all  the  time  at  its  full  capacity.  To  make  the  new  set-up  of 
))ox(\s  and  to  build  the  trestle  re^iuires  $4(X)  worth  of  luml>er  and  the 
lai>or  of  5  men  for  live  days.  In  addition,  it  takes  the  whole  crew  of 
the  j)lacer  one  day  to  take*  1h(»  elevator  from  its  old  |X)sition  and  place 
it  agjiin.  The  total  extra  ex])ens(»  is,  then,  nearly  $1,<K)0  in  money  and 
at  least  one*  full  day  out  of  the  short  working  stason  etich  time  that 
the  ehnator  is  moved. 

In  Seward  Peninsida  the  handling  of  lunvlders  gives  little  trouble 
with  the  eh»vator.  A  l(»-inch  throat  will  tnke  a  l>J-inch  l)owlder.  It 
is  not  uncommon  to  see  the  men  iu»ar  at  hand  throwing  small  stones 
down  at  the  throat  of  the  elevator.  This  is  ))ecause  stones  are  jammed 
in  the  throat.  The  elevator  for  the  moment  is  not  clearing  the  pit. 
and  the  small  stones  aititiciallv  fed  will  act  as  small  ennnon  l>alls  to 
break  the  obstruction. 

It  should  l>e  noted  that  a  very  large  amount  of  water  is  used  for  the 
elevator  as  compared  with  that  used  for  the  giant.  It  has  been  found 
most  (Economical  to  distribute  the  water  one-third  to  the  giant  and 
two-thirds  to  the  elevator.  If  the  elevator  is  too  large  for  the  water 
used,  the  einplo3'ment  of  a  choked  nozzle  or  smaller  nozzle  will  obviate 
the  dithculty,  while  the  larger  throat  does  no  harm.  One  of  the  most 
ccmimon  difhculties  with  tin*  hvdranlic  lift  is  the  fact  that  it  will  choke 
if  re(|uired  to  raise*  too  much  seepage  or  pipe  water. 

Elevator  practice  in  hydraulic  mining  has  ])een  so  limitiHl  in  its 
application,  and  has  met  with  so  little  success,  that  definite  rules  for 
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the  guidance  of  the  miner  have  not  been  formulated.  The  best  tliat 
<*an  be  done  is  to  cite  examples  of  the  results  of  actual  i)nicti<*e  and  to 
enumerate  the  difficulties  experiemrd.  It  is  a  common  sayinji;  amonji^ 
users  of  hydraulic  elevators  that  the  nuichines  will  handle  all  the  gravel 
that  can  be  got  to  the  throat. 

The  tal)le  for  use  in  hydmulic-elevator  operations  is  as  given  })y  the 
manufacturers: 

Table  12. —  Water  required  in  hydranlic  elex'atorR. 


Number.  |     Water  require<l.       Size  of  nozzlr.    [j{^/ 


Inrhem. 


Miner' $  itichr*.  Itwhrs. 

1 300to500 3JtO^}-    --  10 

2 '  500  to  760 

3 '  750  to  1,000... 


4ito5 12 

5to53 15 


The  above  heads  are  those  which  are  generally  availa])le  in  Alaska. 
The  amount  of  water  that  can  be  handled  successfullv,  in  addition  to 
that  coming  through  the  nozzle,  does  not  in  practice  exceed  one-third. 
If  there  is  a  large  quantity  of  seepage  water  the  excess  must  be  taken 
care  of  bj^  means  of  an  auxiliary  water  lift.  One  of  these  is  shown  in 
position  in  PI.  XXV,  A.  It  takes  an  8-inch  supply  pipe,  choked  to 
2-inch  nozzle  in  4-inch  throat,  with  70  inches  of  water  at  100-foot  head, 
to  lift  80  inches  of  water  2^  feet.  This  lift  weighs  350  pounds  and 
costs  $140  in  San  Francisco.  Whether  such  a  lift  is  needed  for  con- 
tinuous operation  or  not,  it  is  convenient  to  have  it  at  hand  for  assist- 
ance in  temporary  pumping  of  water  from  the  pit  during  the  time  of 
clean-up  and  other  periods  when  the  main  elevator  is  not  acting. 
Double  elevators  are  sometimes  used  in  preference — a  much  more 
expensive  installation. 

All  the  hydraulic  elevators  seen  in  Alaska  were  of  small  capacity, 
carrying  10-inch  throat  or  less.  It  should  1x3  remem})ered  that  the 
tables  and  estimates  of  percentage  of  lift  to  head  are  generally  based 
on  the  assumption  that  the  throat  piece  of  the  uptake  pipe  is  double 
the  diameter  of  the  nozzle  employed.  In  northern  practice  it  is  gen- 
erally the  experience  that  a  smaller  nozzle  must'  be  used  than  the  theo- 
retical size,  and  in  consequence  the  lift  is  decreased. 

The  type  of  plant  illustrated  in  PI.  XXVII,  B,  is  not  advisable 
except  as  a  necessity,  where  surplus  water  from  a  head  ditch  is  avail- 
able. The  gravel  is  shoveled  from  the  cut  by  hand  into  cars  which 
are  trammed  and  dumped  into  the  bed-rock  sluice  running  to  the  ele- 
vator. The  operation  has  no  relation  to  h3'draulic  mining  proi>er. 
The  plant  figured  has  a  capacity  of  700  cubic  yards  in  twenty-four 
hours,  the  working  expenses  being  no  less  than  on  a  neighboring 
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claim,  with  almost  precisoly  similar  g^eological  conditions,  where  gravel 
wa8  l>eing  handled  hy  shoveling  into  li  yard  derrick  skips  ti'ammed 
on  trucks  to  the  derrick,  lifted  to  a  sluice,  and  washed  with  gravity 
water.  Now,  grant  that  the  cost  of  the  derrick  plant  wa.s  ♦1<»,<km» 
while  that  of  the  elevator  plant  was  onl}^  J?o,00().  The  water  for  the 
elevator,  however,  500  miner's  inches,  represented  one-fifth  of  that 
o})tained  by  an  elaborate  ditch  system,  the  proportionate  charge  of 
installation  of  which  wjis  $6(),00().  It  is  very  unlikely  that  the  life  of 
either  of  these  properties  will  exceed  six  years,  and  it  can  )>e  easily 
seen  that  the  amortization  charge  for  cost  of  plant  must  be,  less 
interest  allowance,  $17,000  in  the  elevator  plant,  as  against  i>10,0(K)  in 
the  derrick  plant. 

It  would  be  unfair  to  entirel}^  decry  the  use  of  the  hydraulic  eleva- 
tor in  Alaska.  On  the  other  hand,  it  is  a  deplorable  spectat^le  to  see 
cases  where  expenditures  of  from  $25,000  to  $200,000  have  been  made 
to  secure  the  use  of  water  at  a  head,  where  the  elevator  is  installed, 
and  where  it  finally  becomes  apparent  that  loss  will  result  in  the 
operations  becJiuse  gravel  can  not  be  moved  to  the  elevator  in  sufficient 
quantity. 

To  take  a  very  typical  Alaskan  case,  assume  a  body  of  material  which, 
handled  at  the  rate  of  700  cubic  vards  a  dav,  can  be  worked  out  in  six 
seasons;  that  the  section  consists  of  2  yards  of  muck  and  of  H  yards 
of  gravel  which  has  a  tenor  of  $8  per  cubic  yard.  This  material  can 
be  all  handled  by  the  hydraulic  method  at  an  ex])ense  of  50  cents  per 
cubic  yard,  actual  working  cost,  including  superintendence.  In  order 
to  make  this  hydraulic  method  availai)lea  ditch  carrying  1,(M)0  miner's 
inches  of  water  at  lowest  stage*  must  be  Imilt  at  a  cost  of  $100,000. 
Let  this  cost  include  the  hydraulic  ecjuipment.  Simj)le  interest  charge 
on  the  investment  and  maintenance  of  ditch  and  plant  will  amount  to 
$JX),000  additional.  Allowing  nothing  for  j)urcliase  of  property,  the 
five  annual  payments  to  amortization  of  plant  fund  will  amount  each 
to  $8S,(K)0.  Allow  one  hundred  days  each  season  actual  workintf 
time.  Then  the  amount  |)er  cu])ic  yard  whicli  nuist  be  added  to  cover 
payment  to  the  sinking  fund  will  ])e  ().r)42  cents  per  cubic  yard,  or  a 
total  of  $1,042. 

This  cost  will  not  ))Q  regarded  as  exitrenie  ))y  those  who  have  had 
experience  in  similar  undertakings.  The  opcM-ator  has  a  choice  of 
ini^chaiiical  ])lants,  by  using  one*  of  which  lie  could  work  the  ground 
with  iJ^-reat  economv.  In  other  woi-ds,  the  use  of  the  hvdraulic  eleva- 
tor  in  Alaska  freipiently  defeats  the*  object  for  theattuiiunent  of  which 
the  hydraulic  nnMhod  of  mining  is  (Mnployed. 
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DKKDGIXC;. 
INTRODUCTION. 

The  opportunities  for  gold  dredging  in  the  far  Northwest  are  not  by 
any  meaiLs  numerous.  Perhaps  no  part  of  the  gold-mining  industry 
is  dependent  on  so  many  conditions  for  its  financial  success  as  the 
dredging  of  auriferous  gravel  deposits  for  gold.  Some  3^ears  ago,  in 
connection  with  Mr.  J.  B.  Landfield/*  1  published  a  review,  setting 
forth  the  geological  conditions  which  are  necessary  for  the  success  of 
gold  dredging,  the  consideration  of  which  is  frequently  neglected  by 
those  contemplating  the  installation  of  dredges.  The  portions  of  that 
paper  which  deal  with  the  present  case  are  here  quoted.  The  prime 
consideration  is  that  conditions  of  a  peculiar  character  are  a  Necessary 
accompaniment  of  the  values  in  any  locality  where  it  is  proposed  to 
win  gold  by  dredging.  Recent  experience  has  proved  that  the 
gn^atest  attention  must  be  given  to  to]:>ographii^  and  geologic  condi- 
tions in  the  country  in  which  the  enterprise  is  to  be  inaugurated, 
otherwise  success  in  the  opemtions  is  not  to  be  looked  for.  The 
following  explanation  of  the  conditions  necessary  for  dredging  is 
therefore  pertinent: 

Takin^^  the  country  about  Oroville,  Cal.,  as  the  l^est  example  in  the  Unite<l  States, 
let  the  jfeological  conditions  l)e  considered.  To  the  north  and  east  the  erosion  of  a 
vast  extent  of  mining  country,  whose  rocks  are  i)enetrated  by  gold-bearing  veins, 
has  rontrihuted  little  ))y  little  through  geologic  ageH  to  the  mass  of  detritus  now 
occupying  the  bed  of  Feather  River.  The  wearing  down  of  mountains,  originally 
very  much  higher  than  at  present,  through  a  vast  amount  of  time  has  caused  the 
formation  of  a  valley  of  extraordinary  width  but  of  no  great  depth.  The  massing  of 
Htreani  <letritus  is  also  resiK)nsible  for  a  decreajj^e  in  the  gradient  and  a  slowing  down 
ahnost  t6  a  t<»pogniphi(!al  equilibrium  of  the  formerly  swift  current  of  the  river. 
The  stream,  unable  uncler  these  conditions  to  cut  it,s  way  by  virtue  of  the  material 
which  it  carried  in  suspension,  has  for  a  long  time  been  depositing  its  load,  filling  its 
wide  valleys  with  sand  and  gravel,  togetlier  with  the  less  destructible  of  the  metallic 
I>articles,  and  notably  gold,  (ieologically  speaking,  the  rate  of  deposition  of  the 
river's  material  may  be  said  to  be  on  the  increase  and  the  current  of  the  water,  still 
of  considerable  velocity,  to  ])e  greatly  lessening  in  swiftness.  l^tA^'r  in  its  geologic 
(^ycle  Feather  River  will  doubtless  assume,  on  a  smaller  scale,  the  present  character 
of  the  Mississij)i>i,  forming  oxbow  curves,  cut-offs,  and,  as  it  were,  lading  its  way 
among  constantly  shifting  sand  bars. 

The  accompanying  residual  gold,  as  it  travels  to  a  greater  and  greati'r  distance  from 
its  original  source  in  the  veins  of  the  mountains,  be<!omes  more  and  more  finely 
divided,  even  to  mii-roscopic  dimensions,  and  increases  in  purity,  and  the  degree  of 
evenness  with  which  the  particles  are  distributed  in  the  gravel  l^ecomes  a  phenom- 
enon «»f  constantly  increasing  definitene.ss  ami  imjn^rtance. 

Such  a  set  <»f  conditions  as  that  obtaining  on  Feather  River  is  the  exception 
rather  than  the  rule  in  the  western  part  of  the  Tnited  States, and  even  in  California. 
The  alx)ve  explanation  hiis  Ihhmi  entered  into  in  order  to  present  in  some  measure 
the  reasons  wbv.  on  the  California  river  referre<l  to,  the  con<litions  are  not  onlv  favor- 
able  but  eminently  suited  to  gold  dretlging.     Shallow  gravels — that  is,  those  less  than 


"  Furiiigton,  ('.  W.,  and  I^in<1fiel(1,  J.  B.,  jr.,  The  goUi-drcdging  fields  of  eastern  Russiii:  Eng.  Mng., 
vol.  '22.  1901,  pp.  3yiH-J07. 
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40  feci  in  depth — are  an  essential  in  <lre<l^ing  enterprises. o  Thns  broad  rather  than 
narrow,  gorge-like  valleys  must  be  sought.  Bed  rock  of  a  soft,  decom posed  chaiucter, 
whieh  can  l>e  easily  cut  into  by  the  <lipi>er  or  bucket  of  the  dre<lge,  is  a  neeewitT, 
since  plac*er  goM,  by  virtue  of  its  gravity,  often  sinks  from  1  to  2  feet  into  the  crevices 
of  the  rock  underlying.  It  is  hanlly  nec*essary  to  state  that  the  amount  of  goM 
increases  in  geometrical  ratio  the  lower  it  lies  in  a  given  bed  of  gravel.  Thus  old 
rather  than  young  valleys  are  favorable  for  dredging. 

Additional  re-asons  of  great  weight  why  geologically  old  valleys  should  be  lo«)ketl 
for  are  that  the  size  of  lK>wlders  is  greatly  decreased,  gravel  becomes  by  long  abrasion 
unifonn  in  size,  the  angularity  of  the  fragments  disappears,  and  a  bed  of  pebblefi, 
round  an<l  easily  handled,  is  the  result. 

The  even  distribution  of  the  gold  which,  as  mentioned  above,  ia  an  invariable 
accompaniment  of  old  and  wide  valleys,  is  a  i>oint  in  favor  of  this  sort  of  miniof^ 
looked  at  from  the  stand {>oint  of  a  busine^  enterprise.  At  the  same  time  it  is  evi- 
dent that  the  finely  divided  stati'  in  which  such  gold  is  found  necessitates  the 
highest  skill  in  recovering  it.  For  example,  at  Oroville,  altlioiigh  some  of  the  opera- 
tors are  saving  gold  the  sub<livision  of  whose  particles  is  almost  microscopic,  it  \a 
thought  with  good  reason  that  a  considerable  jiercentage  of  values  is  lost  in  the  water 
use<l  for  the  washing. 

The  conditions  on  Yuba  River  in  California  are,  from  the  dredging  standpoint,  as 
favorable  as  tluwe  at  Oroville. 

The  conditions  tt]x)ve  mentioned  as  important  to  the  success  of  gold 
dredj^ing  should  be  taken  account  of  as  much  by  the  men  who  con- 
template^, instilling  dredges  in  Alaska,  as  in  an}-  other  part  of  the  world. 
While  it  is  true  that  there  are  in  Alaska  broad  valleys,  such  as  those 
of  Yukon  River  and  its  lai-ger  tributaries,  and  that  they  have  been 
found  to  ))e  to  a  certain  extent  gold  iK'aring,  yet  peculiar  and  fonni- 
(labl(»  conditions  serve  as  a  ))arrier  to  the  exph)itation  of  these  streams 
by  dredging.  A  remarkable  illustration  of  this  fact  came  to  my  notice 
during  the  last  summer.  In  a  small  island  facing  the  settlement  of 
Eagle,  in  the  interior  Yukon  country,  a  shaft  sunk  through  rolled 
stream  grav(»l  to  a  depth  of  a})out  4o  feet  in  winter  penetrated  perjx'tu- 
ally  frozen  ground  until  near  the  limit  of  its  depth.  At  this  point  an 
uiulertlow  of  water  was  (encountered  so  strong  as  to  prevent  further 
j)rospecting.  It  was  said  that  gocxl  values  in  gold,  even  up  to  $1  to 
the  yard,  were  found  in  sinking  this  shaft.  If  this  be  true  it  would 
imply  that  consideniljle  areas  of  the  underlying  immensely  wide 
gravel  Hats  of  Yukon  KivcM*  are  gold  bearing.  Under  other  conditions 
portions  of  the  groiuid  might  be  found  workable  by  gold  Iredgcs. 
Kxperience  has  shown  that  in  Alaska  the  permanent  frost  which  exists 
in  much  of  the  rivcM*  country  renders  the  (exploitation  of  the  gravel  by 
ordinary  mechanical  n»(»ans  absolutely  im])()ssi})le.  It  is  the  opinion 
of  those  who  hav(*  attcm])t(Hl  the  dredging  of  froz(»n  gravel  in  the 
Klondik(*  that,  while  the  dmising  of  a  dnnlge  strong  enough  to  dig 
frozen  gravel  is  not  impossible,  the  undertaking  has  not  yet  reac'hed 

'•since  the  jiIhivc  was  wriitcii  the  ('tilaruMii^  and  •^irrnKtli'-ninj:  of  drwlgt's  ha.s  roHulted  in  sufce."*-- 
ful  Miuuinii  ion  Vnl»a  Kivcr,  ('alif<»rnia  i  to  tin-  (h-ptli  of  «io  fi-ci.  It  should  Ix?  noted,  however,  that  the 
n[»|Mr  1!.')  feel  uf  the  Yuba  Kravel  .««.i.'tion  eonsislM  of  K>os(;  tailings. 
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even  the  experimental  stage.  In  the  interior  the  cost  of  dredging 
unfrozen  ground  is  40  cents  per  cubic  yard,  while  the  dredging  of 
frozen  ground  by  thawing  ahead  of  the  dredge  with  steam  points 
retjuircs  an  expenditure  of  40  cents  additional.  It  will  be  recognized 
by  those  familiar  with  dredging  that  such  a  cost  is  prohibitive  of  the 
exploitation  of  the  average  dredging  gravels. 

River-bed  gravels  seldom  average  over  20  cents  to  the  cubic  yard  in 
gold,  locally  enriched  area  from  side  tributaries  necessarily  being 
excluded.  It  has  been  frequently  stated  by  engineers  that  the  average 
tenor  of  the  Oroville  gravels  is  not  above  15  cents  to  the  cubic  yard. 
I  see  no  reason  to  believe  that  the  gravels  of  the  Alaska  rivers,  the 
Yukon,  Tanana;  Koyukuk,  Kuskokwim,  and  their  larger  tributaries 
should  be  any  higher.  It  is  likely  that  only  in  very  restricted  areas 
will  the  tenor  in  gold  of  these  streams  be  as  high  as  15  cents.  It 
should  be  distinctly  understood  that  Solomon  River,  Snake  River, 
and  streams  of  similar  size  in  Seward  Peninsula  are  not  properly 
called  dredging  streams.  They  do  not  by  any  means  fulfill  the  condi- 
tions implied  in  "the  foregoing  geological  description.  While  it  is 
und(»niable  that  in  certain  isolated  cases  streams  having  the  character 
of  Solomon  River  may  be  profitably  dredged,  the  enterprise  must 
be  considered  as  lying  outside  the  legitimate  province  of  the  gold- 
dredging  industry  as  developed  in  California  and  New  Zealand. 

A  recent  study  of  the  dredging  fields  of  California  has  led  to  the 
conclusion  that  while  dredging  is  possible  to  a  greater  depth  than 
formerly  (60  feet  in  Yuba  River),  there  has  been  little  reduction  in 
the  general  costs  of  work.  Eight  cents  per  cubic  yard  is  the  lowest 
cost  which  may  be  safely  counted  on  at  Oroville,  the  principal  field. 

No  special  devices  have  been  put  into  practice  for  breaking  up 
cemented  gravel,  and  some  of  the  dredgers  at  Oroville  are  compelled 
to  use  powder  to  shake  the  bank  in  front  of  the  dredge.  Such  prac- 
tice would  have  no  beneficial  effect  in  handling  frozen  gravel.  The  use 
of  hydraulic  nozzles  attached  to  the  ladder  frame  at  the  lower  tumbler 
seat  has  several  times  been  suggested  by  engineers  for  assistance  in 
thawing  frozen  gravel  as  the  dredge  operates.^  Experience  in  hydrau- 
licking  frozen  bench  gravels  in  Alaska  has  proved  that  such  a  device 
would  be  of  no  avail,  since  it  is  mainly  the  action  of  the  sun  arid  not 
that  of  the  water  which  thaws  the  gravel  face.  The  possible  method 
of  steam  thawing  is  to  drive  long  pipes  from  the  surface  into  the 
ground  ahead  of  the  dredge  (the  practice  in  Ik)nanza  Creek  in  14-foot 
ground).  The  cost  of  this  would  probably  be  prohibitive  when  the 
depth  of  the  ground  exceeds  15  feet. 

The  only  manner  in  which  heat  can  be  applied  directly  to  the  part  of 
the  gravel  face  where  the  buckets  are  digging  is  by  means  of  elec 

aLevat,  £.  D.,  L'Or  en  SiMrle  orientale. 
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trically  hciitod  wat<M'  thrown  apiiiist  tlu»  bunk.  The  iturt  that  hyclmu- 
lii'kin^  with  water  heated  to  50-  und  applied  directly  to  the  face 
throiijjfh  a  nozzle  in  Klondike  drifting;  openitions  is  remarkably  cffeetive 
in  thawing  froz(»n  gravel  su^^ests  possibilities  in  rcganl  to  dredging. 
This  [X)ssibility  is  extrenndy  remote,  but  might  under  certain  eir- 
cumstances  be  appli<'able  where  the  dredge  is  operated  l>3'  cleetiic 
power  genemted  by  wat(»r  under  head. 

TIm*,  fact  the  dredge  is  the  onl}'  appliance  used  in  placer  mining 
which  transports  its  sluices  and  continually  provides  new  room  for  its 
tiiilings  renders  it  attractive  in  the  consideration  of  the  shallow  north- 
ern placers. 

In  Seward  Peninsula  there  are  some  river  deposits  which  contain 
gold  spomdically  distributed  and  in  which  frozen  and  unfrozen  areas 
alternat(i.  Hvtensive  prospiH'ting  has  re.sulted  in  the  discovert' of  a 
certain  amount  of  ground  which  appears  to  warrant  the  iustallation 
of  dredges  of  special  design.  More  of  these  areas  may  be  found,  and 
it  is  proba)de  that  some  of  them  may  l)e  in  the  interior.  It  is  not 
b(dieved  that  dredges  can  be  openit^'cl  successfully«in  any  of  the  an*a 
included  in  the  South  Coast  provinces,  as  there  the  geological  condi- 
tions are  almost  the  exa<*t  opposite  of  those  outlined  at  the  beginniiij,' 
of  this  section. 

DESCRIPTION  OF  OPERATIONS. 

Notwithstanding  th(>  dilliculties  encountered  in  the  interior  of 
Alaska,  th(*  ])ossibility  of  dnnlging  in  this  field  under  certain  favor- 
ai)le  conditions  is  not  to  ))e  denied.  A  small  dredge  for  prospeetiiitr 
purposivs  was  Inking  operati^l  cheaply  in  Stewart  River  in  tlie  Yukon 
Tei'ritory,  not  far  from  the  international  boundary,  during*  the  season 
of  ItMU.  It  subse(|uently  operate<l  in  Klondike^  Kiver.  This  dnnlgi' 
has  IV.)  open  connect(?d  'Ji-foot  })uekets,  and  handles  750  cubic  yards 
in  twenty-four  liours.  It  digs  to  'M^  feet,  and  in  Stewart  River  verv 
little  frozen  gi'avel  was  encountered.  A  crew  of  i\  men  is  employed 
and  the  dailv  workintr  <'ost  alone  is  said  to  Ix*  7  cent*^  a  cubic  yard. 
The  hull  was  built  at  White  Horse,  of  4-inch  planks  ()f  ini|X)rte<.i 
Vancouv(>r  fir,  and  cost  >?.*),<>« mi. 

A  comph^te  descri])tion  of  this  dredge  has  })een  ])ul)lished  by  tli*- 
desigruM",  Mr.  A.  W.  Kohinson." 

A  dredging  installation  was  also  visitiMJ  on  ( rold  Kun,  in  the  Atlin 
district  of  British  Columi)ia.  Tin*  power  plnnt  was  situated  on  Pine 
CnM»k,  5  .mih^s  helow  the  dreclge.  A  tlmnt*  and  ditch  lin(»  1^  niile^ 
in  length  supplie<l  l,r)no  iiwhcv-^  of  watei-.  at  ls7  feet  head,  to  2  Victor 
turbine  wheels  of  itun  horsepowei'  each.  It  was  sai<l  that  SO  p<»r  cent 
of  tliis  etKeiiMiev  was  axailahir  al  ihi'  dicMlifr.  The  current  was 
delivered  at  1.1<M»  volts  to  the  t  lan-^fonini"  ami  this  was  stej)p(»(l  up  to 
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22, (KX.)  volts  before  its  conduit  over  No.  6  copper  wire  3-phase  system 
to  the  dredge  transformer,  where  a  step-down  to  500  volts  was  made. 
The  turbines  have  24-inch  intake  and  30-inch  discharge,  and  the  gates 
weigh  2i  tons  each.  The  water  is  available  from  April  1  to  Nov^ember 
15.  The  power  plant  cost  ^50,000,  not  including  an  outlay  of  ^10,000 
for  a  5-mile  pole  line,  3  copper  wires,  and  20  telephone  wires. 

The  pole  line  was  built  by  contract  requiring  that  the  poles  should 
be  6  inches  in  diameter  at  top,  24  feet  above  and  5  feet  below  the 
ground,  and  that  timber  should  be  cut  for  a  width  of  40  feet,  all  at  a 
cost  of  $2,250  for  7  miles. 

A  general  view  of  the  dredge  is  shown  in  PI.  XXVIII,  A.  The 
cost,  installed  on  the  ground,  was  $200,000.  It  is  of  the  close-connected, 
3-foot  bucket,  single-lift  type,  arranged  with  trommel  and  pivoted 
sluice  box,  and  tables  carried  on  separate  float.  This  type  of  dredge 
was  considered  necessary  on  account  of  the  presence  of  coarse  gold  in 
the.  deposit.  That  by  all  dredging  engineers  the  occurrence  of  coarse 
gold  is  not  thought  prohibitive  of  the  use  of  the  stacker  dredge  is  appar- 
ent from  Mr.  Hutchins's  remarks  on  this  subject  (see  pp.  173-190). 
The  arranging  of  the  entire  tail  sluice  to  turn  in  an  arc,  opei'ated 
by  stern  lines,  permits  the  distribution  of  the  dump.  The  system  of 
digging  is  against  a  spud  and  not  a  headline.  Operations  had  only 
begun  when  the  dredge  was  visited;  its  estimated  capacity  is  2,500 
cubic  yards  in  twenty-four  hours,  digging  to  an  average  depth  of  44 
feet.  The  dredge  is  equipped  with  5  motors,  and  a  total  of  200  horae- 
powcr  is  used.     The  total  weight  is  400  tons. 

The  hull  was  built  in  a  pit  on  the  ground,  of  Vancouver  fir,  and 
afterwards  floated  in  the  pond  shown.  It  has  a  draft,  loaded,  of  3i  feet, 
and  is  90  bv  36  feet  in  dimensions. 

The  winches  are  controlled  by  levers  directly  above  in  the  pilot 
house  on  the  starboard  side  of  the  upper  deck.  The  7  drums  operate 
the  4  side  lines,  main  ladder  line,  and  2  spud  lines. 

The  digging  ladder  is  90  feet  long,  3  feet  wide  and  2  feet  deep  in 
the  center,  and  is  braced  by  steel  trusses.  The  tumblers  are  of  pentag- 
onal form  and  of  steel,  with  manganese  steel  plates  riveted  on,  with 
8-inch  shaft.  There  are  96  buckets  that  hold  3  cubic  feet  each,  have 
the  shape  shown  in  PI.  XXVIII,  jS,  and  are  equipped  with  manga- 
nese steel  lips,  pins,  and  bushings.  As  shown  by  PI.  XXVIII,  A,  a 
bowlder  weighing  1,500  pounds  rode  one  of  the  buckets  and  was  taken 
off  on  the  upper  deck.  The  buckets  will  dig  40  feet  in  front  of  the 
bow,  and  a  bank  8  feet  above  water  can  be  handled.  The  rate  of  wear 
in  bucket  lips  had  not  been  determined.  A  nozzle  is  used  to  clean  the 
buckets  as  they  pass  the  upper  tumbler.  No  save-all  is  used.  The 
sprocket  wheels  and  chain  are  of  steel,  the  diameter  of  the  upper ^ 
wheel  being  10  feet. 
Bull.  263—05 11 
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The  rnotorjs  are  of  the  followint^  rated  capacity: 

Hunepower. 

For  <ligging 1^ 

For  10-inch  wntrifujiral  pump 50 

For  6-iiic"h  t-entrifniral  juinip 2i^ 

For  wreen ^-^ 

For  raining  la^Mer  ami  ojK^pating  linen '^0 

The  gravel  is  niised  27  feet  alK)ve  the  water.  The  trommel  is  5  l»y 
12  feet  on  8  per  cent  grade,  piiiK'hed  with  holes  that  are  H  inche.s  in 
diameter  in  tlie  upper  plate,  4i  hy  7  inches  in  the  middle  plate 
(enlarged  from  smaller  size),  and  4-inch  holes  in  the  lower  plate. 
Thirty-tive  per  cent  of  the  material  is  oversize  and  is  dumped  directly 
from  the  end  of  the  trommel  into  2  side  chutes  overboard.  The  trom- 
mel has  ti-inch  spi-ay  pipe,  supplied  i)y  the  6-inch  pump  with  water 
under  40  pounds  pressure.  It  is  estimated  that  the  trommel  plates 
will  last  one  season. 

From  the  trommel  the  undersize  falls  directly  to  a  sluice  connected! 
by  means  of  a  pivotinl  box  to  the  main  sluice  in  the  auxiliary  float. 
This  sluice  is  4  feet  wide,  120  feet  long,  and  2  feet  deep,  is  of  steel,  has 
a  gmde  of  8  per  c(Mit,  and  is  provided  with  Oroville  Hungarian  riflles 
and  grizzlies  to  allow  the  material  to  pass  to  undercurrent  tables,  which 
have  an  an»a  of  1,000  stjuare  feet  (see  p.  11*5).  The  dump  of  the  main 
sluice  is  8  feet  above  the  water.  Two  hundred  pounds  of  quicksilver 
an*  kept  in  the  shiice  and  ta})l(»s. 

The  cost  of  dredging  at  this  plant  is  estimated  at  8  cents  jM^r  cubic 
yard  for  tlie  (•a])a('ity  ai)()ve  given,  only  actual  labor,  supplies,  and 
su])(Minlenden('e  on  tlu*  ground  considiM'ed. 

A  dredg<*  of  the  N(*w  Zealand  tyj)e  was  openitingon  Bonanza  C^reek 
in  th(»  Klondike  district.  It  is  shown  in  PI.  XXIX,  B.  The  boat 
had  Ix^en  in  servi<'«»  foi'  several  vears,  having  been  first,  installed 
on  L(*wes  Hivei*.  It  had  then  been  towed  and  hauled  ))V  cables  down 
Yukon  Hiv(M'  to  the  month  of  the  Klondike  and  then  taken  apart 
and  recr(H*t(Ml  on  Bonanza  ('r<Mdc,  where  its  opeiutions  have  continued 
during  tin*  open  months  since  July  1,  llM).",.  A  crew  of  24  men  oi>er- 
ate  the  dredge  and  thaw  the  gravel  in  front  of  it.  The  thawing  is 
done  byCrth^ans  of  1 1 -foot  [)ieces  of  gas  pipe,  12  in  number,  driven 
verticallv  into  the  ground.  The  Ix'd  rock  here  is  a  sericite-schist  and 
the  dredgi*  is  said  to  clean  it  well.  The  capacity  of  the  dredge  work- 
ing under  pr(\M'nt  conditions  is  500  cui>ic  yards  in  twenty-four  lioui"s. 
The  buck(»t  line  is  cfpiipped  with  thirty  *>}-foot  Inickets,  open  con- 
n(*ct(Ml.  The  ladd(M"  is  r>i)  feet  in  lentrth  and  will  dig  28  feet  l.)elow 
the  surface  of  the  water.  At  pn^sent  the  dredge  is  digging  to  a  depth 
of  14  feet  and  s  feet  in  front  of  the  }>ow.  Tin*  stacking  ladder  curry- 
ing a  steel-buck(4  convevor  is  :>s  feet  lonjif.  and  carries  all  material 
over  I A  inches  in  diain<»ter,  the  siz<^  of  the  largest  holes  in  the  trommel. 
The  lips  of  the  digging  buckets  are  of  uranganese  steel  and  la.st  four 
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months  in  use.  New  buckets  cost  $22  landed.  The  dredge  digs  on  a 
1-inch  headline  with  five-eighths  inch  side  lines,  no  spuds  being  used, 
and  appeared  to  dig  the  gmvel  very  satisfactorily  after  it  was  thawed. 
There  is  not  over  2  per  cent  of  the  gravel  which  is  over  18  inches  in 
diameter.  The  hull  is  71  bv  30  feet  in  dimension  and  draws  4  feet  of 
water;  55,000  feet  of  Oregon  fir  was  used  in  its  construction.  The 
bow  and  ladder  gauntrees  are  15  fe6t  high  and  are  built  of  timbers  12 
inches  sqiuire.  The  dredge  is  opemted  b}^  steam  power.  One  vertical 
engine  of  50  horsepower opemtes  the  dredge  exclusive  of  the  winches, 
which  employ  a  sepamte  10-horsepower  engine.  The  boiler  carries 
1 10  pounds  of  steam  and  in  twenty-four  hours  burns  3  cords  of  native 
spruce  wood,  which  costs  $10  a  cord.  The  winches  are  on  the  star- 
b<»ard  bow  side,  the  winchman's  position  being  on  the  lower  deck. 

Since  the  trommel  was  built  its  length  has  been  increased  and  is 
now  about  15  feet,  with  ,'j-inch  holes  in  the  upper  plate  and  IJ-inch 
holes  in  the  lower.  The  tronmiel  was  extended  so  that  none  of  the 
nuggets,  which  are  worth  from  $12  to  $200,  would  be  lost.  The 
trommel  distributes  the  fines  to  8  tables,  42  by  30  inches  U\  dimensions 
(see  PI.  XXIX,  ^4),  the  distribution  being  regulated  by  iron  gates. 
The  ta])les,  fitted  with  cocoa  matting  and  expanded  metal,  have  a  grade 
of  li  inches  to  the  foot,  and  are  followed  by  2  sluice  boxes  20  feet 
long  by  2  feet  wide,  with  angle-iron  riffles,  which  discharge  at  the 
stern,  as  shown  in  the  illustration.  An  inevitable  difficultv  with  the 
dredge  is  the  banking  up  of  this  material  at  the  stern.  Three  thou- 
sand gallons  of  water  per  minute  are  pumped  by  a  10-inch  centrifugal 
pump.  The  tables  are  cleaned  up  ever^^  day;  sluices,  once  a  month. 
The  season  for  opei*ating  is  from  May  15  to  October  1.  It  is  under- 
stood that  the  dredge  was  successfully  operated  during  the  season  of 
1904  on  ground  which  had  been  previously  drifted. 

The  cost  of  the  dredge  laid  down  originally  in  licwes  Kiver  was 
$125,000. 

A  shift  sheet  used  in  tliis  dredge,  devised  by  Mr.  J.  M.  Elmer,  is 
here  appended  and  may  be  of  interest  to  those  engaged  in  or  contem- 
plating dredging  operations. 
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Khifi  sheet  of  Lewes  River  Kining  and  Dredging  Company. 


Date, . 

Number  of  shift, 
Winchman, 


Lost  time. 

Materials  used. 

Remarks. 

HourR. 

MinuteH. 

Ladder  and  bucket  line 

i 

1 

Stac^ker  .: 

Winches 

Screen 

Pumps 

Lines 

Clean  ups 

Oilinj? 

Boiler 

Condenser 

Line  shaft 1 

Engine 

Cliaracter  of  jjround, 


Total  lost  time, 


Depth  of  ground,  feet, 


Total  running  time, 


Foreman, 


No  dredginj^  operations  were  in  progress  in  the  interior  of  Alaska 
during  the  summer  of  1904. 

In  Seward  Peninsula  two  dredgers  were  opemted  in  Solomon  River 
and  two  hind  dredges  were  in  opc^ration  in  the  vicinity  of  Nome,  while 
another  dredge  was  being  eonstructed  in  Snake  Kiver  near  Nome,  and 
a  dredge  was  operating  in  a  small  way  in  Niukluk  River,  1  mile  al)ove 
Council. 

A})out  one-fourth  mile  east  of  the  town  of  Nome  a  small  land  dredge 
was  operating  on  beach  sand  in  the  maritime  strip.  The  section  on 
which  the  dredge  opt^-atcd  was  12  feet  in  thickness,  and  consisted  of 
H  feet  of  Ix^ach  sand,  4  feet  of  clay,  2  feet  of  gravel,  and  2  feet  of 
underlying  broken  schist. 

The  dredge,  which  cost  $5,500  in  Seattle,  was  operated  with  a  ♦>- 
horsepower  gjisoline  engine.  In  addition,  power  was  furnished  to  a 
centrifugal  pump,  which  had  the  suction  pipe  led  (JO  feet  out  into  the  sea 
Avater.  Eighteen  gjillons  of  gasoline,  costing  40  cents  a  gallon,  were 
burned  in  ten  hours.  The  dredge  was  mounted  on  trucks  surmounted 
by  a  turntabh*,  allowing  it  to  turn  on  a  circular  track.  The  average 
capacity  was  said  to  be  200  cui)ic  yards  a  day.  This  represents  one 
of  the  ujany  attempts  which  have  been  made  to  dredge  the  Nome  beach 
sands,  none  of  which,  so  far  as  known,  have  met  with  anv  success. 
This  material  is  unfroz(Mi,  but  manv  difiiculties  are  encountered. 
Storms  which  n'n(h'rthe  beach  uninhabitable  are  causes  of  long  delay, 
and  the  attempt  to  pum])  the  sea  water  is  a  cause  of  constant  trouble  on 
account  of  the  seaweed  and  wreckage  which  clogs  the  screen. 
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A  small  land  dredge  running  on  a  40-foot  track,  and  digging  a  canal 
beneath  for  the  purpose  of  laying  a  long  bed-rock  drain,  was  operat- 
ing on  Bourbon  Creek,  one-fourth  mile  north  of  Nome.  The  work 
was  in  an  experimental  stage,  and  a  large  dredge  of  the  same  type,  of 
600  cubic  yards  daily  capacity,  was  under  construction. 

A  floating  dredge  of  the  dipper  type,  with  sluices  arranged  on  a  sepa- 
rate hull,  was  under  construction  in  Snake  River,  one-half  mile  from 
Nome,  but  the  data  relating  to  it  are  not  available  for  publication. 

A  small  bucket  dredger  so  arranged  that  the  digging  ladder  can  turn 
through  an  angle  of  20^  has  been  operating  in  Solomon  River,  3  miles 
north  from  the  coast  for  the  last  two  seasons. 

In  the  operations  of  1903  a  60-foot  width  of  the  channel  of  Solomon 
River  was  worked  and  was  found  to  be  unfrozen;  the  gravel  averaged 
5  feet  in  thickness  and  rested  on  schist  bed  rock.  The  tenor  is  said  to 
have  been  Jl.13  per  cubic  yard.  The  greatest  thickness  encountered 
from  the  surface  of  water  to  bed  rock  was  12  feet.  One  and  one-half 
feet  of  the  schist  bed  rock  was  taken  up  by  the  dredge.  The  bed 
rock  is  generally  soft,  but  has  hard  reefs.  The  largest  stones  found 
were  1  foot  in  diameter.  The  dredge  was  operated  by  5  men  on  2 
shifts,  the  amount  of  running  time  being  from  twelve  to  twenty  hours 
out  of  the  twenty-four.  The  men  are  said  to  have  made  a  profit, 
paying  a  royalty  of  25  per  cent  on  the  output.  The  dredge  is  of  16- 
horsepower  capacity  and  handles  an  average  of  150  cubic  yards  in 
twenty-four  hours.  The  operations  consume  two  to  three  cases  of 
gasoline  a  day,  the  average  for  fuel  being  J12.50.  The  total  expense 
is  figured  at  $30  a  day.  The  experience  with  the  pay  is  that  the  ground 
is  very  spotted,  being  in  places  rich  and  in  places  barren.  There  are 
32  buckets  of  1  cubic  foot  capacity  on  the  ladder.  A  cut  of  30  feet 
across  is  made  in  one  setting.  The  ladder  is  made  of  4-inch  cast-iron 
pipe  and  can  be  lengthened  by  adding  pipe  and  buckets.  In  1904 
the  dredge  was  being  operated  by  2  men  on  a  shift,  one  man  running 
the  winches,  and  one  man  attending  to  the  engine  and  picking  out  the 
large  bowlders  and  throwing  them  overboard.  The  bucket  lips  are 
made  of  tool  steel. 

The  sluices  into  which  the  buckets  dump  directly  are  fitted  with 
punched-iron  screen  of  the  '^Caribou"  pattern,  described  elsewhere, 
followed  by  Hungarian  riffles.  The  sluice  is  64  feet  in  length,  23 
inches  wide,  and  12  inches  deep,  with  a  grade  of  15  inches  in  12  feet. 
The  end  of  the  sluice  is  3  feet  above  the  deck,  and  extends  6  feet 
beyond  the  end  of  the  boat.  Quicksilver  is  used  in  the  upper  boxes. 
Seventy-five  per  cent  of  the  gold  is  caught  in  the  first  6  feet,  and  the 
balance  in  the  next  8  feet.  The  tailings  are  frequently  panned,  but 
no  gold  found. 

The  description  of  this  dredge,  the  cost  of  which  should  not  exceed 
$25,000,  laid  down,  is  given  in  detail,  as  it  is  reported  on  good  author- 
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ity  to  have  lx3en  successful  in  its  operations.  It  presents  a  strong 
confirmation  of  the  views  expressed  hy  Mr.  HutchinH  concerning  the 
advisability  of  installing  prospecting  dredges  for  Alaska  practice. 

During  the  season  of  1903  and  1904  a  dredge  of  the  dipper  type  was 
operated  in  Solomon  River,  near  the  one  above  described.  The  dredge 
was  constructed  originally  with  a  stacker,  but  this  system  was  aban- 
doned and  a  separate  hull  was  built  on  which  a  hopper  and  sluice  w^ere 
erected. 

The  dredge  cost  $83,000  on  the  ground,  and  weighs,  barges  and  all, 
400  tons.  It  is  equipped  with  one  yard  dipper,  which  digs  three-fourths 
cu])ic  yard  of  material  each  time  on  an  average.  During  1904  the 
dredge  was  in  operation  fifty  days  of  twenty  hours  each,  and  handled 
21,000  cubic  yaixis,  or  an  average  of  420  cubic  yards  a  day. 

The  ground  dredged  is  9^  feet  in  average  depth,  and  was  all  handled 
by  the  dipper.  No  permanent  frost  was  found  in  the  river  bed,  but 
the  animal  frost  did  not  leave  the  ground  until  July  15,  delaying  the 
commencement  of  operations  until  that  date.  Thirty  days  at  the  end 
of  the  season  were  lost  on  aciiount  of  the  breaking  of  the  main  cable 
operating  the  dipper,  and  there  was  no  chance  to  repair  it. 

The  experienct»s  with  the  ground  in  this  dredging  operation  were 
especially  intc^resting.  It  was  found  that  in  places  the  gravel  in  the 
river  itself  was  frozen  all  summer.  On  July  20  there  were  7  inches 
in  depth  of  frost  within  2  feet  of  the  surface.  This  disappeared  with 
th(»  first  heavy  rain.  Thv  di])per  cleaned  the  })ed  rock  successfully 
when*  it  was  black  schist.  Whore  the  })ed  rock  was  limestone  the 
ground  was  drifted  in  the  winttu*  with  mu<*h  more  .satisfactory  results 
than  th(^  dnultjfing  crjive. 

The  dredge  (MnpIoy(»(l  in  the  two  shifts  seven  men,  at  $7  a  day,  and 
one  man.  at  >^l>.^)0  a  dav,  without  l)oard.  In  twentv  hours  3  tons  of 
coal,  costing  ^2r>  per  ton,  were  consumed. 

The  cost  of  dredging  in  1J»04,  including  re|wirs  to  aud  maintenance 
of  phmt,  was  50  cents  per  cubic  yard.  As  in  the  case  of  the  small 
dredge,  the  pay  ov<m-  a  width  of  200  feet,  which  was  worked  in  phu*es, 
was  found  to  be  spotted,  varying  from  80  cents  to  $12  to  the  cubic 
van  I. 

It  is  said  that  the  clay  in  the  gravel  prevented  the  water  from  sluic- 
ing gold  from  the  bottom  of  tlie  dipper,  and  tests  showed  that  a  sjivinj,^ 
of  l>r)  per  c(Mit  was  made.  The  sluice  was  ])aved  with  Hungarian  riffles, 
and  <|ui<'ksilver  was  used. 

The  genei'al  opinion  express(»d  hy  these  oi^rators  was  that  dredges 
having  a  capacity  of  not  to  exceed  1,000  cu})ic  yards  dailj'  will  pay 
in  Solomon  and  similar  rivers  of  Seward  Peninsula  if  operated  by 
electricity  g(Hierat(*(l  from  a  central  water-power  plant.  The  employ- 
ment of  gravity-sluicing  water  was  made  a  necessary  condition.     While 
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this  is  possible,  it  should  be  borne  in  mind  that  the  employment  of 
gravity-sluicing  water  on  a  dredge  entails  numerous  and  largely 
untried  difficulties. 

Some  of  the  special  difficulties  actually  experienced  in  the  operations 
above  described  were  distance  from  any  repair  shop,  sudden  rises  of 
the  river  after  two  days'  storm  that  prevented  persons  from  crossing 
and  endangered  the  dredge,  and  repairs  which  were  necessary  at  the 
beginning  of  the  season,  and  which  included  chopping  ice  out  of  the 
inside  of  the  hull. 

The  dredge  shown  on  PI.  XXX,  B^  in  Niukluk  River,  was  oper- 
ating only  in  prospecting  work  during  the  season  of  1904.  It  has 
5-foot  buckets,  open  connected.  Its  rated  capacity  is  2,000  cubic  yards 
in  twenty-four  hours,  but  the  actual  capacity  ^an  not  be  given.  The 
dredge  was  fitted  with  a  rubber  belt  convej^or  for  the  stacker.  This 
is  said  to  give  much  trouble,  as  when  it  begins  to  freeze  at  night  in 
September  the  belt  continually  slips.  It  was  said  that  in  previous 
operations  the  dredge  in  ten  hours  used  5  cords  of  spruce  wood,  cost- 
ing $12  a  cord,  and  handled  800  culiic  yards  of  material.  Eight  men 
were  employed  at  $7  a  day,  gross.  In  the  Niukluk  River  banks  the 
bed  rock,  which  is  schistose  limestone,  is  10^  feet  below  the  surface, 
and  is  overlain  by  1  foot  of  moss  or  willow  roots,  2^  feet  of  sand  or 
muck,  and  7  feet  of  rounded  river  wash  mixed  with  angular  limestone 
fragments.  Willows  grow  on  the  unfrozen  ground  and  moss  covers 
the  solidly  frozen  ground.  No  regularity  in  the  distribution  of  the 
two  is  apparent. 

The  success  of  dredging  operations  in  the  Niukluk  appears  to  be 
extremely  problematical.  So  far  as  the  physical  nature  of  the  gravel 
goes,  no  difficulty  should  be  experienced.  Fi'ozen  areas,  hard  bed  rock, 
uneven  depth,  and  irregular  distribution  of  the  alluvial  gold  are,  how- 
ever, serious  if  not  insurmountable  obstacles  to  the  success  of  a  dredging 
operation  which  in  a  superficial  examination  of  the  ground  may  appear 
attl^ctive. 

COST  OF  DREDGING. 

It  is  manifestly  impossible  to  give  detailed  statements  of  operating 
expenses  in  a  work  of  this  character,  e^specially  when  dredging  has 
been  conducted  in  a  desultory  fashion  and  for  a  limited  period.  The 
costij  given  on  page  38  include  a  certain  amount  each  year  for  the 
amortization  of  the  plant  and  the  ground.  Bearing  this  in  mind,  those 
having  the  slightest  familiarity  with  the  subject  will  probably  admit 
that  the  figures,  namely,  49  cents  per  cubic  yard  for  unfrozen,  80 
cents  for  frozen  ground  in  interior  Alaska,  and  43  cents  per  cubic  yard 
for  Seward  Peninsula,  are  not  excessive. 

For  purposes  of  comparison  there  is  given  the  following  statement 
of  the  cost  at  Oroville,  Cal.,  quoted  in  the  Mining  and  Scientific  Press, 
February  18,  1905,  from  the  report  of  the  Oroville  Dredging  and 
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Exploration  Company  to  the  stockholders  for  the  year  ending  Decem- 
ber 81, 1904,  by  F.  W.  Bradley,  president.  The  figures  given  represent 
merely  operating  expenses,  and  do  not  include  allowance  for  deprecia- 
tion of  the  plants  and  of  the  ground.  It  should  be  remembered,  how- 
ever, that  even  adding  these  iteuLs  of  expense  to  the  operating  cost  per 
cubic  yard  the  number  of  yards  handled  per  season  is  so  large,  bs  com- 
pared with  that  possible  in  northern  operations,  that  the  total  California 
cost  is  not  greatly  increased.  Eight  cents  per  cubic  yard  is  believed 
to  be  a  safe  estimate  for  the  present  total  cost  of  gold  dredging  at 
Oroville. 

The  table  of  lost  time  in  the  following  quotation  is  especially  inter- 
esting as  showing  that  even  under  the  favorable  California  conditions 
the  actual  dredging  time  of  a  presumably  representative  dredge 
amounted  to  only  67.2  per  cent  of  the  whole. 


DRKIHUN<;    AT  OROVILLE,  t'AL. 

Our  No.  1,  or  $45,(XK)  dretlj^e,  made  the  following  record: 
Cubic  yards  drtnlgt^d 


493,150 


rJuld  yield  \^r  cubic  yanl,  $0.1232;  operating  cjost?,  $0.0562;  operating 
profit,  $0,067,  or $S2,90!).79 

Iinprovemcnt,  taxen,  in.Muraiuv,  legal,  and  all  other  working  expenses 

(except  couHtruction  of  No.  2  dredgi*) 7, 166. 88 


Surplus 25,738.91 

Our  No.  2,  or  $575,0(K)(lrc(lirc,  sliould  be  iv^dy  to  ]K.»gin  work  next  month  (January, 
llHir)).  Fijjurin^  <»n  the  data  now  available,  the  two  dre<lges  should  make  the  fol- 
lowing: average  annual  reconl: 


l)rr<l>:«*<l. 


I)re<lj:e  No.  1  ( lirst  cost  §J4r>,(HK)) 
Drcd^'c  No.  2  (tirst  cost  $7r>,0(X)) 


520, 000 

780,  ax) 


T«  >tal  <  )r  a vcra^'c 1 .  ,S00,  (KK) 

Iniprovenicnts,   taxes,  and  ail   other 

working  expenses ' 


Total 


OlnTatiiiK' 
cost. 

/Vr  en.  yd. 
?0.  0530 

Pnibable 
yield. 

PtrcH.  yd. 

Surplus. 

.0500 

1 

.. 

.0512 

.  00S8 

.  (XJOO 

$0.  (mo 

$0.  (Kio 

Or  a  yearly  surplus  of  .'?45,r)00.  Our  prospect  infonnation  indicates  that  after  reject- 
ing that  portion  of  our  ian<l  of  doubtful  value  the  property  should  have  a  life  of 
from  thirteen  to  fourteen  years  at  the  above  estimated  rate  of  dreiiging. 

C  11.  Munro,  suiK^rinten<lent,  makes  a  detailed  report  of  the  company's  ojiera- 
tions,  from  which  the  following  is  taken: 

Kitrartion. — T\w  prospect  value  of  the  area  dredged,  ba.sed  on  the  average  value 
of  the  holes  in  and  near  tht?  (lre<lged  area,  was  b3.(>4  cents.  The  extraction  table 
herewith  attached,  which  is  compute<l  on  the.«e  figures,  makes  the  extrac^tion  74  j)er 
cent  of  the  j»rospect  value. 

The  extraction  arnount<'d  to  7(>.37  per  cent  of  the  ]>rospect  value,  bai?e<l  on  the 
jn'oiKtrtioniil  (tr  fractional  annvs  ws  \\\\\uei\cv.'A  \>v  vavA\  vTv^^\>^^^;\,\\<^Vi. 
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It  would  therefore  be  fair  to  call  the  extraction  75.18  per  cent  of  the  proHiH.»ct 
value,  whi(!h  is  the  average  of  the  two  methods  of  computation  above  referred  to. 

During  the  year  just  ended,  BiggH  No.  1  dredge<l  11.85  at^res,  handling  493,150 
cubic  yards,  which  yielded  a  groas  bullion  return  of  $60,738.52,  or  an  average  yield  of 
12.32  cents  per  cubic  yard,  as  compare<l  with  a  gross  bullion  return  of  $36,525.25, 
or  an  average  yield  of  8.45  cents  per  cubic  yard  for  1903. 

Cost^. — The  ojwrating  cost  has  been  5.62  centrt  per  cubic  yard,  and  the  total  cost, 
including  all  improvements,  repairs,  taxes,  insurance,  legal,  office,  and  other 
exjwnses  (excepting  Biggs  No.  2  construction  account),  has  amountcnl  to  7.(X5  cents 
per  cubic  yard. 

Comi>aring  the  capacity  of  the  dre<lge  and  the  cost  of  operation  for  1904  with  1903, 
the  capacity  has  increased  from  39,551  cubic  yards  i)er  month  to  41,096  cubic  yards 
per  month,  while  the  cost  i>f  operation  has  decrease<l  fnnn  6.48  cents  per  cubic  yard 
to  5.62  cents  per  cubic  yard,  and  the  total  expense  from  7.71  cents  to  7.0()  cents  per 
cubic  yard. 

The  bullion  yield  has  increased  from  8.45  cents  per  cubic  yard  to  12.32  cent«  {>er 
cubic  yard. 

Repairn. — Aside  from  the  ordinary  repairs  on  the  dredge,  a  new  revolving  screen 
was  installed  at  a  cost  of  $1,600,  and  the  l-horsepower  motor  used  for  priming  the 
water  pumi)s  an<l  cleaning  up  was  replaceil  by  a  3-hor8epower  motor  at  a  cost  of 
$127.55. 

F.ume  rrpnirn. — During  the  floods  last  February  500  feet  of  the  flume  and  trestle 
wen^  washed  away.  The  rebuilding;  of  the  flume  and  tre.**tle  and  repairs  at  the  pump 
station  cost  $1^57.40. 

Improve menix. — The  blacksmith  shop  equipment  has  lx»en  enlarge<l  at  a  cost  of 
$547.45  by  installing  a  5-horsepower  motor,  with  transformer,  a  forge,  blower,  emery 
wheels,  grindstone,  and  small  drill  pn»s8. 

Biggs  No.  J  eojiftnuiioii. — The  hull  of  Biggs  No.  2  is  completed  and  the  dredge  was 
floated  the  first  of  the  year.  The  contractors  are  now  installing  the  ma<!hinery,  and 
the  dredge  will  probably  be  ready  for  operation  alK)ut  the  mi<ldleof  February,  1905. 

Bullion  table. 


Month. 


January 

Februarv 

March 

April 

May 

June 

July 

August 

September 

Octolnir 

Noveml)er 

December 

Total  oraver 
age 


Cubic  yardfl 
Imiik  meas- 
urement 
dredged. 


20.840 
32,000 
41,160 
50,  7(50 
47,700 
40,  750 
44, 380 
39,300 
41,600 
48,460 
40,300 
46,400 


Bullion  yield. 


$3,120.87 
3,  408.  59 
7,  732.  62 

9,  vm.  10 

8,072.17 

3,  704.  36 
4,271.03 

4,  273.  31 
4,  265.  74 
4, 645, 08 
3, 374. 92 
4,  269.  73 


Operating 
expenses. 


60,  738.  52 


$2,  (i77.  00 
2,  205. 07 
2,418.*H 
1,854.69 
2,2:«.41 
2,013.97 
2,  272.  36 
2,471.91 
2, 392.  09 
2, 620.  83 
2,  340.  96 
2,331.31 


Yield  per  ^^.P^^^^ 
cubic        *  *^^  ^^ 


yard. 


27, 832. 53 


Cntts. 

15.  :i8 

10.  ()5 

18.78 

18.91 

16.94 

9.09 

9.62 

10.87 

10.  25 

9.58 

8.37 

9.20 

12.32 


\ 


per 
cubic 
yard. 


13.  16 
6.89  ' 
5.88 

3.  a5 

4.<i8 
4.94 
5.12 
6.29 
5.  75 
5.40 
5.81 
5. 02 


5.62 


\ 


Operating 
profit  per 

cubic 

yanl. 


Cent*. 

2.22 

3.76 

12.90 

15.  26 

12.26 

4.15 

4.50 

4.58 

4.50 

4.18 

2.56 

4.18 


\ 


6.70 


ORAVKL   AMD   PLACER   MININQ    IH    ALASKA. 
Rctradum  latiU. 
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dRBl. 

Month. 

1 

Jknturr 

Febniitry 

28,-0 

.M 
.« 

I.IS 
1.-J5 

20,3(0 

iH,noo 

P<i'i'm)-T 

MV.TBtif.. 

i^         =^  6? 

P     §£     11 

11  P  :i 


ft 
§1 

Is. 


Ctuncter  of 


ter  of  jmand 


'i*ne  arravel  u>  nirfan; 
dredging  acmn  •loofb. 
0  leec  top  nil;  I  (c«l  of 
sravvlonbednxk;  hard 
aigfCtng. 
10  (ect  sol! ;  «™vel  cousr. 

■Dd  ban]  digBlng. 
12   [eM   top    Kill;  1&  (kI 
I      bed  rncli:  Imni  dl^ng. 
J   teet    top    soil;  gniel 

a  feel  u>n:  gn,ve\  fim. 


,ravel  on  next  side  I'Dt: 

J      eandatrcak  im  eaMiMc. 

W  '  e  leet  tup  snll:  nnd  Mmk 

I      on  west  Bide  of  cul;  iJI 


li.T.'i     G  feet  Iot>   mil;    »n'1  nn 

gravi'l:  iiw)-  diggtni;. 
^-10    fitreltopmll:  naDdlimo- 

tlrte   Kmv-el:     cwc   'lif- 
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The  figures  for  the  Beveral  items  of  expense  in  the  following  tables  varied  from 
month  to  month  throughout  the  year,  and  the  averages  for  the  entire  year  only  are 
given: 

Operating  and  all  other  coM*. 


Total  for  year. 


Operating  expense  Biggs  No.  1  and  8ui>erintendence $27, 832. 53 


(ieneral  expense,  Oroville  and  iSan  Francisco 

General  plant 

Bullion  expense 

Taxes  

Warehouse 

Insurance 

Legal 


1 ,  788.  62 

1,  262.  78 
251.34 

1,942.66 
401.18 
450.00 

1,070.50 


Total '     :U,999.41 


Total  ex- 
pense" per 
cubic  yard. 


5.62 
.36 
.26 
.05 
.39 
.08 
.09 
.21 


7.06 


Detuih  of  operating  w«6». 


Labor: 

Operative 

Repair 

Su[)erintendence 

Power: 

Dretlge 

Pumps 

Hardware: 

Supplies,  tools,  oils,  etc 

Repair  parts,  et<* 

Freight,  express,  and  hauling 

Steel  (tables 

Luml)er 

Electric  supplies  and  work . . . 

( -learing  ground 

Sundry  expenses 

Total* 


Total  for  year. 


$6, 
4, 

1, 

4, 


435.20 
690.41 
875.00 

902.  SI 
(>H.  20 


Per  cent  of 
total. 


Per  cent. 
22.9 
16.8 
6.8 


17. 


27, 


832.  53 


.3  : 


CoHt  per 
cubic  yard. 


Onto. 
1.290 
.943 

.:«iO 

1.000 
.014 


i,mi.77 

4.0 

.220 

6,  7<i8.  23 

24.4 

1 .  370 

504.  ()9 

1.8 

.100 

\VMS.  03 

1.2 

.070 

28.0(5 

.1 

.006 

285.  (57 

1.0 

.060 

794.  40 

2.9 

.160 

:u.06 

.1 

.007 

100.0 


5.  620 
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Repair  table  slwwing  cost  of  labor  and  material  on  different  parts  of  the  dredQe. 


Total  for  year. 

Grand  toUL 

Lfwlder: 

Jjabor - 

$492.63 
596.  43 

1,328.07 
3, 237.  35 

894.66 
1,125.04 

138.73 
84. 0& 

772.42 

1,498.57 

125.50 
16.80 

811.80 
541.59 

33:3.  43 
:361.48 

152.08 
74.71 

mo.  5() 

1 ,  :i07.  59 
ymr  ce 

Material 

$1,089.06 

Bucket  line: 

I-iabor 

Material 

4, 565. 42 

Stacker:     • 

I  Abor 

Material 

2, 019. 70 

Winchen: 

Material 

222.78 

l^ljor 

Material 

2,220.99 

Pinups: 

Material 

142.80 

l^abor 

^Material 

8.58. 89 

Linen: 

Miiti'rial 

094. 91 

I^ihor 

Material 

220.  74 

Contingent  repairs: 

Material 

2,  108.  l.T 

Tahb'  (if  lo.st  time. 

* 

Ladder 

nt. .      10.  7 

i^ucket  line 

d 

o...      20.5 

d 

o...      10.7 

WincheH 

d 

( ) 8.  o 

d 

o...        9.9 

Purn  ps 

<1 

o...        2.6 

Power 

d 

o...       7.9 

Lines 

d 

o...        9.0 

Olean-ni) 

d 

o...       8.5 

d 

o...     21.7 
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Total  lost  time per  cent. .     32.  8 

Dreilginjj  time do. . .     67.  2 

Average  number  of  cubic  yards  dredged  per  day  of  running  time 2, 005 

Actual  average  number  of  cubic  yards  dredged  per  day  of  twenty-four  hours. .  1, 347 

Summary  of  cotU  in  cents  per  cubic  yardy  1904. 

Dredge  crew  ami  power I^.  69 

Repair  labor 94 

Repair  supplies 1 .  61 

Superintendence 38 

Oroville  and  San  Francisco  general  expense 36 

Taxes  and  insurance 48 

Bullion  expense 05 

Grand  total,  all  costs 6. 51 

For  three  $45,000  dredges  these  items  would  have  been  as  follows: 

Dredge  crew  and  power 2. 69 

Repair  lalwr 66 

Repair  supplies 1. 61 

Superintendence 17 

Oroville  and  San  Francisco  general  expense 12 

Taxes  and  insurance 27 

Bullion  expense 05 

Grand  total,  all  costs 5. 57 

Mr.  J.  P.  Hutchins,  of  San  Francisco,  who  has  had  long  experience 
in  the  dredging  fields  of  Oroville  and  has  recently  worked  in  the 
Klondike,  has  courteously  furnished  for  this  report  an  account  of  the 
present  status  of  the  industry,  with  suggestions  regai'ding  the  forms 
of  dredges  most  applicable  to  Alaska  conditions. 

NOTES  ON  DREDGING. 
By  J.  P.  HuTcniNS. 

Dredge  mining  of  placer  gold  has  been  one  of  the  most  attractive 
fields  for  investments  of  capital  in  recent  years.  Prospecting  methods 
in  use  to  determine  the  values  of  the  areas  thought  to  l>e  available  for 
profitable  exploitation  by  dredging  are  not  complicated.  Until  recently 
well-drilling  machines  have  been  used  almost  exclusively  in  this  work, 
and  in  many  cases  the  results  of  such  sampling  have  led  to  large 
investments  of  capital  in  dredging  ground  and  dredging  machinery. 
These  drilling  machines  have  much  to  recommend  them.  They  are 
cheap  and  mobile,  can  be  operated  on  floating  scows  to  sample  river, 
lake,  or  sea  bottoms  (see  PI.  Ill,  A^  p.  40),  or  used  to  sample  a  deposit 
where  a  large  volume  of  wat^r  near  the  surface  would  make  shaft 
sinking  very  costly.  Numerous  holes  can  be  drilled  in  a  short  time 
and  at  a  comparatively  small  cost.  In  many  cases  shafts  have  been 
sunk  with  the  drill  holes  for  centers,  and  the  results  of  the  two  methods 
of  prospecting  checked  well. 

It  was  first  held  that  the  results  of  dredging  could  be  relied  upon  to 
equal  about  50  per  cent  of  what  drill  prospectiu^  \<(owVA  veAv;»^^  \kv^ 
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values  to  be.  The  disparities  were  in  part  accounted  for  by  attribu- 
ting them  to  spilling,  leakage,  faulty  discharge  of  buckets,  incomplete 
excavation  by  apparatus,  incomplete  disintegration  during  washing  in 
screening,  and  to  losses  in  the  gold-saving  apparatus.  It  seemed, 
however,  as  if  these  losses  should  be  only  about  10  per  cent,  and  the 
other  40  per  cent  was  explained  by  the  well-known  general  statement 
that  ''prospecting  results  are  always  high." 

Up  to  the  time  that  considerable  areas  previously  prospected  w^ith 
numerous  drill  holes  were  dredged,  the  results  of  drill  prospecting 
were  l>elieved  to  l>c  absolutely  reliable,  making  the  allowance,  how- 
ever, of  about  50  per  cent  for  values  to  be  recovered  by  the  dredge. 
After  these  areas  had  }>een  worked,  however,  the  dredge  managers 
found  much  to  surprise  them,  for  where  ground  had  prospected  well 
it  had  dredged  poorly,  and  vice  versa.  It  is  asserted  that  in  these 
instances  both  the  drilling  and  dredging  were  so  conducted  that  no 
great  reliability  could  be  attached  to  the  results,  but  this  explanation 
is  far  from  satisfactory. 

In  the  use  of  the  drilling  machine  to  sample  alluvion,  as  in  all  other 
prospecting,  unusual  care  must  be  exercised  to  obtain  results  that 
shall  give  a  correct  idea  of  the  values  and  of  the  other  characteristics 
of  the  ground  under  examination.  It  is  unquestionably  true  that 
careless  sampling  has  been  the  cause  of  many  failures  in  dredging 
operations.  The  seeming  simplicity  of  this  prospecting  method  hjis, 
as  in  other  apparently  simple  detoriiiiiiatioiis,  resulted  in  crude  manip- 
ulation and  misleading  results.  In  some  instances  there  has  been  a 
misleading  atTeetation  of  accuracy  in  tabulating  results  of  drill  pros- 
pecting. Careless  location  and  distrilnition  of  drill  holes  have  given 
faulty  results.  Nevertheless,  the  percussion  drilling  machine  is  jwer- 
l(»ss  for  testing  most  areas  that  may  l)e  available  for  exploitation  by 
the  dredging  method. 

The  drilling  machines  are  used  for  sevenil  pur|x>ses.  It  is  necessary 
to  determine  whether  the  material  is  too  hard  to  make  dredginj,' 
proriUible,  and  for  this  purpose  drilling  machines  are  not  entirely 
satisfactory.  In  sev(M*al  an^as  prospected  by  drilling  machines  and 
thought  suitable  for  dredg(»s  the  material  proved  to  be  so  hard  that  a 
macliine  different  from  the  one  designed  was  required  for  successful 
exploitation.  If  the  prospecting  had  been  done  with  more  care  this 
unfavora})le  condition  would  liave  been  learned. 

Relia})le  results  call  for  the  d(»termination  of  the  presence  and  distri- 
bution in  the  vertical  section  of  aiiv  considerable  content  of  tenacious 
clay  and  large  l)o\vIders,  and  here  again  the  drill  does  not  yield  entirely 
satisfactory  results.  The  depth  of  material  must  l)e  ascertained  and, 
where  the  })ed  rock  is  a  so-called  "'false,"  the  greatest  cji re  is  neces- 
sary in  order  to  determine  its  position.  The  character,  hardness,  and 
roughness  of  the  bed  rock  must  be  learned,  and  the  drill  unfortunately 
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still  leaves  much  to  l)e  desired  in  connection  with  this  phase  of  the 
investigation.  In  spite  of  these  drawlnicks  the  percussion  drilling 
machine  has  no  superior  as  a  preliminary  means  of  prospecting  allu- 
vions thought  to  be  suitable  for  working  by  the  dredging  method,  and 
this  is  particularly  true  where  large  volumes  of  water  maybe  encoun- 
tered near  the  surface.  The  sinking  of  shafts  is  to  be  preferred,  how- 
ever^ where  not  too  costl3\ 

In  several  project^j,  where  a  large  expenditure  of  money  is  in  con- 
templation, so-called  prospecting  dredges  have  been  used.  These 
machines  are  small  but  complete  dredges,  and  perform,  on  a  small 
scale,  the  functions  of  the  ordinary  type.  Their  design  is  such  that 
they  may  be  readily  moved,  for  they  are  equipped  with  lightly  con- 
structed machinery  and  hulls  and  are  of  light  draft.  If,  as  is  fre- 
quently the  case,  the  area  to  be  prospected  is  tm versed  by  a  river  or 
sloughs,  such  a  light  dredge  is  easily  moved  from  place  to  place. 
Where  there  are  no  waterways,  a  still  smaller  dredge,  to  be  moved  on 
rollei's  or  skids,  can  be  employed. 

Though  the  cost  of  installation  and  operation  of  such  prospecting 
dredges  is  considerably  more  than  that  of  drilling  machines,  the  relia- 
bility of  the  results  will  often  justify  the  additional  expenditures,  par- 
ticularly where  large  areas  are  being  prospected.  By  their  use  the 
values  per  cubic  yard,  character  of  material,  presence  of  large  bowl- 
ders and  clay,  and  depth  and  character  of  bed  rock  can  be  accurately 
ascertained.  There  is  an  additional  advantage  of  gretit  importance 
in  the  fact  that  the  cost  of  operating  a  large  dredge  can  at  the  same 
time  be  closely  determined. 

The  number  of  gold  dredges  in  successful  opeiution  in  the  United 
States  has  greatly  increased  during  the  past  decade,  and  especially  in 
the  last  six  years.  The  first  successful  one  was  operated  at  Bannock, 
in  Montana,  and  was  of  the  so-called  '*  double-lift ''  type.  The  material 
was  excavated  by  a  chain  of  buckets  and  discharged  from  an  eleva- 
tion of  about  15  feet  above  the  deck  into  a  trommel,  which  had  per- 
forations about  5  inches  in  diameter.  Stones  of  larger  diameter  wer€ 
discharged  over  the  side  of  the  dredge;  the  ^' fines"  were  elevated  by 
a  12-inch  centrifrugal  dredging  pump  to  a  sluice  and  discharged  about 
100  feet  astern.  This  iyp^'  of  dredge  is  still  advocated  by  some  mana- 
gers, aiid  uiujuestionably  has  a  numl)er  of  advanUiges  over  other 
types,  ft  is  especially  good  for  handling  material  which  has  a  clay 
content  or  which  is  so  tenacious  that  gold  is  lost  by  incomplete  disin- 
tegration and  insutficient  washing  in  the  screens  and  sluices  of  the 
other  types  of  gold  dredges^.  The  passage  of  the  fines  thiough  the 
centrifugal  pump  of  the  double-lift  dredge  tends  to  disintegrate  the 
material  thoroughly  and  to  compIeU^Iy  liberate  any  particles  of  gold 
held  in  clay  or  other  tenacious  substances. 
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The  particular  problem  at  Bannock  was  to  evolve  a  dredging  pump 
to  stand  the  wear  and  tear  of  handling  the  fines  of  about  2,000  cubic 
yards  every  twenty -four  hours.  The  first  pump  was  worn  out  after 
seventy  hours'  use,  but  another  of  excellent  construction,  designed  by 
the  dredge  manager,  was  installed  and  used  for  several  years.  After 
a  seven  months'  run,  when  the  tines  of  over  400,000  cubic  yards  had 
passed  through  it,  it  was  estimated  that  the  costs  of  repairs  and 
renewals  of  the  pump  had  been  only  about  $150. 

With  a  view  of  eliminating  the  dredging  pump  the  so-called  single- 
lift  dredge  \vas  designed  by  Montana  men.  This  type  discharges  the 
material  about  28  feet  above  the  de<;k  into  a  trommel  with  perforations 
5  inches  in  diameter.  As  in  the  '' double-lift"  dredge,  the  coarse 
material  was  deposited  over  the  side,  while  the  fines  dropped  into  a 
sluice  and  were  discharged  about  100  feet  astern.  Th^  greater  height 
of  discharge  of  buckets  made  a  secondary  lift  of  the  fines  unnecessary. 
This  form  of  construction  introduced  a  new  set  of  problems,  as  the 
higher  position  of  the  upper  tumbler  necessitated  longer  ladders,  more 
and  heavier  buckets  in  a  longer  bucket  chain,  larger  hulls,  and  heavier 
construction  throughout.  Some  of  the  first  ** single-lift"  dredges 
were  very  unstable  because  of  the  high  position  of  center  of  gravity. 
This  type  of  dredge  is  now  in  more  general  use  than  the  '*  double-lift'' 
machines. 

Tlio  dredge  which  had  been  used  so  successfully  in  New  Zealand 
was  not  introduced  into  the  United  States  until  after  the  extensive 
operation  of  tluvse  two  types.  The  first  New  Zealand  dredge  wits 
installed  in  the  Oroville  district  of  California,  and  after  a  few  moditi- 
(•ations  to  suit  local  conditions  was  and  is  still  operated  successfully. 
This  was  followed  ])v  the  })uilding  of  a  number  of  similar  dredges  in 
California,  Colorado,  Idaho,  Oregon,  Montana,  and  elsewhere  (see 
IMs.  XXX,  .1,  and  XXXI,  li). 

These  dredges  were  essentially  different  in  design  and  manipulation 
from  those  of  the  double  and  single  lift  types.  While  the  bucket 
of  the  New  Zealand  type  was  evolved  entirely  for  gold-dredging  pur- 
poses, the  bucket  previously  used  in  this  country  was  but  a  slight 
niodiliciition  of  the  one  us(mI  for  har])or  and  canal  dredging.  In  both 
tvpes,  but  more  notablv  in  the  Imcket  evolved  in  harbor  and  canal 
dredging,  the  lirst  made  were  deticit»iit  in  the  strength  of  the  digging 
apparatus. 

The  New  Zealand  type  of  gold  dnnlge  discharges  the  material  about 
]♦>  feet  above  the  deck  into  a  tronini(d,  the  largest  iH*,rfomtions  of 
which  are  about  one -half  inch  in  diameter.  A  .stacker  (see  PI. 
XXXI,  />)  made  of  a  chain  of  steel  l)uckets  elevates  all  material  not 
passing  through  p(»rforations  of  tronnnel  and  discharges  it  astern  of 
the  dredge  at  a  height  suflicient  to  allow  for  the  expansion  of  the 
tailings.     The  lines  pass  over  the  gold-saving  devices  and  are  dis- 
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charged  about  10  to  15  feet  astern  of  the  dredge.  On  the  double  and 
single  lift  dredges  no  stackers  were  necessary,  because  the  larger  per- 
forations of  tluD  trommels  allowed  the  comparatively  small  percentage 
of  stones  to  be  discharged  over  the  side  without  shoaling  the  water 
too  much. 

The  gold-saving  apparatus  introduced  with  the  New  Zealand  type 
was  also  essentially  different.  The  hydraulic  mining  undercurrent, 
which  is  a  wide  sluice  with  steep  gnide,  and  which  spreads  the  material 
over  a  broad  surface  in  a  shallow  sheet  after  all  stones  of  diameter 
greater  than  2  inches  have  been  renioved  by  a  grizzly,  was  evolved 
in  California  but  had  been  successfully  used  in  New  Zealand  in  hydrau- 
lic operations.  A  very  slightly  modified  form  of  this  device  was  used 
on  a  number  of  the  dredges,  with  the  differenc(»  that  cocoa  matting 
instead  of  riffles  charged  with  quicksilver  was  used  to  catch  the  gold 
(see  PL  XXIX,  .1,  p.  102). 

The  double  and  single  lift  gold  dredges  depended  i)rincipally,  and 
in  some  cases  entirely,  on  a  comparatively  narrow  sluice  with  riffles 
charged  with  (juicksilver.  The  material  passed  over  the  riffles  in  a 
deep  sheet,  a  con<lition  not  conducive  to  a  high  pi^rcentage  of  saving, 
where  the  gold  is  in  the  form  of  very  finely  divided  particles. 

There  is  a  marked  difference  in  the  manipulgttion  of  the  several 
types  of  dredges.  The  New  Zealand  lx)at  in  digging  is  held  to  the 
face  of  the  bank  by  a  headline  run  out  over  the  bow  to  an  anchorage, 
and  the  buckets  are  lowered  in  a  vertical  plane,  the  material  being 
caved  l)V  undermining  at  the  bottom.  The  other  types  are  held  to 
the  face  by  a  pivotal  stern  spud  (see  PI.  XXXI,  ^1),  the  buckets  being 
side  fed  horizontally  through  an  arc  of  120  .  The  cut  is  begun  at  the 
surface  and  the  digging  ladder  lowered  al)out  I  foot  at  the  comple- 
tion of  each  arc,  no  attempt  being  made  to  undermine  or  cave  the 
material  excavated. 

Several  shovel  dredges  were  built  at  Oroville  at  about  the  time  the 
New  Z(*ahuid  type  was  installed.  On  these  the  hydraulic-mining 
undercurrent,  almost  the  same  as  that  of  the  hvdraulic  miner  in  Call- 
fornia,  and  a  shaking  screen,  similar  in  action  to  the  rocker  of  the 
earlv-dav  California  miner,  are  used.  Belt  stackers  were  also 
installed.  The  shovel  dredges  proved  costly  of  operation  and  have, 
with  few  exceptions,  been  discarded. 

Next  in  order  of  development  came  a  dredge  with  the  bucket 
evolved  in  canal  and  harbor  dredging.  The  machine  was  very  much 
strengthened,  liowever,  and  was  provided  with  shaking  screen,  belt 
stacker,  and  hydmulic-mining  undercurrents,  called  ''gold-saving 
tiibles."  '-^  this  type  is  found  a  combination  of  the  better  features  of 
the  double  and  single  lift  and  shovel  gold  dredges.  Small  buckets 
were  first  used,  l)ut  the  tendency  had  been  toward  increased  capacity. 
This  dredge  was  an  improvement,  but  it  had  a  fault  common  to  all  the 
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dredges  at  that  time  and  ^till  often  found — a  lack  of  coordination  of 
capacity  in  the  four  processes  of  which  gold  dredging  consists,  namely, 
excavating,  screening,  sluicing,  and  tailing. 

The  next  improvement  was  the  building  of  a  dredge  in  which  coor- 
dination of  capacities  received  more  attention,  for  in  this  the  screens, 
tables,  stacker,  and  pumps  were  enlarged.  It  was  designed  to  work 
either  on  spud  or  headline,  with  a  slightly  higher  discharge  of  material 
to  permit  of  a  greater  elevation  of  coarse  tailings  and  a  stacking  of 
them  at  a  distance  from  the  stern.  The  pivotal  spud  was  placed 
inboard  so  as  to  make  the  digging  and  the  tailing  arcs  of  more  equal 
lengths  when  working  on  a  spud.  The  difficulties  encountered  when 
these  arcs  were  of  very  unequal  length  were  thus  eliminated.  The 
dis|)osition  of  the  tailings  had  formerly  been  a  continual  source  of 
difficulty  and  expense,  but  this  improved  dredge  was  so  designed  as  to 
allow  both  working  cm  a  headline  and  side  feeding  through  an  arc  of 
long  radius.  This  permitted  the  working  of  a  wide  cut  and  the  dispo- 
sition of  tailings  without  covering  adjacent  virgin  ground,  for  pre- 
viously much  untouched  territory  had  been  wasted  by.  being  covered 
with  tailings.  Impact  riffles  charged  with  mercury,  i.  e.,  those  where 
the  fines  are  dropped  to  effect  amalgamation,  and  larger  gold-saving 
areas  were  also  introduced. 

There  have  l)een  no  radical  changes  in  the  design  or  construction  of 
gold-dredging  machinery  of  late,  and  efforts  have  been  directed  towanl 
the  strengthening  and  bettering  of  machinery  and  hull  and  the  lower- 
ing of  operating  expenses. 

The  excavating  apparatus  (see  PI.  XXXII;  PI.  XXVIII,  B^  p.  ItH), 
and  PI.  XXX,  /?,  p.  168)  used  in  gold  dredging  has  been  very  much 
improved  since  the  fii^st  installations.  Bucket  fomis  have  been 
modified  so  as  to  ])revent  lo.sses  by  spilling.  This  is  accomplished  by 
reducing  the  angle  made  })v  the  bucket  lip  with  the  line  through  the 
centers  of  the  two  bucket  pins.  With  the  earlier  design  a  considerable 
loss  by  spilling,  except  when  }>uckets  were  working  at  maximum  depth, 
was  noticed.  In  the  earlier  design  the  bucket  was  long,  narrow,  and 
deep,  and  a  clean  discharge  was  not  effected,  especially  when  working 
in  sticky  or  sandy  material.  Recent  design  provides  a  short,  wide, 
and  shallow  bucket  which  discharges  more  |>erfectly.  The  use  of  jets 
of  water  to  wash  any  adhering  material  from  both  inside  and  outside 
of  buckets  into  the  hopper  and  save-alls  is  now  commoh  and  accom- 
plishes a  considerable  increase  in  the  gold  saving.  The  capacity  of 
buckets  has  been  largely  increased,  but  the  economical  limit  has  not 
been  reached  nor  will  it  be  reached  in  the  near  future. 

With  the  increa^se  of  size  of  buckets  there  has  not  been  a  propor- 
tionately greater  strength,  but  this  defect  is  being  gradually  remedied. 
The  use  of  various  alloys  of  steel  in  bucket  parts,  as  well  as  in  other 
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parts  of  the  dredging  machinery  where  there  is  severe  wear  and  tear, 
has  \yeen  in  most  cases  successful. 

The  design  of  the  upper  and  lower  tumblers  has  been  modified  and 
all  parts  subject  to  wear  are  now  easily  replaceable.  In  earlier  instal- 
lations the  tumblers  were  of  such  design  and  construction  that  the 
wearing  out  of  one  part  sometimes  necessitated  the  loss  of  the  whole. 
Some  trouble  has  been  caused  by  the  working  loose  of  the  ''wearing 
plates."  Tumblers  with  more  numerous  faces  are  now  also  used.  In 
early  practice  the  square  upper  tumbler  was  supposed  to  l>e  superior 
to  the  one  with  more  faces,  it  being  assumed  that  the  square  tumbler 
was  more  capable  of  firmly  holding  the  buckets  and  preventing  the 
danger  of  its  revolving  without  moving  the  bucket  chain.  The  hex- 
agonal upper  tumbler  is  now  in  successful  operation,  and  it  is  safe  to 
predict  that  heptagonal  and  possibly  octagonal  upper  tumblers  will  be 
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used,  particularly  on  the  smaller  dredges.  The  objection  that  they 
will  not  hold  is  not  good.  Even  if  true,  an  arrangement  making  the 
relation  of  bucket  to  tumbler  that  of  chain  to  sprocket  would  solve  the 
difficulty.  The  use  of  the  heptagonal  and  octagonal  upper  tumblers 
introduces  a  new  set  of  problems,  involving  larger  tumblers  and  shaft- 
ing, different  arrangement  of  chute  to  hopper,  and  modified  forms  of 
save-alls.  These  modifications  are  necessary  because  of  the  resulting 
longer  period  of  discharge  of  the  bucket.  It  is  probable,  however, 
that  saving  in  wear  of  the  bucket  pins  and  bushings  due  to  lesser  deflec- 
tion in  turning  tumblers  of  more  numerous  faces  will  compensate  for 
the  extra  expense  involved  in  construction. 

Fig.  34,  above,  shows  the  relative  size  and  different  deflection  angles 
made  bj  the  buckets  in  turning  the  squax^,  ^Tv\».^o\i'^^\vK^^^^\3«S.> 
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hepta^onal,  and  octagonal  tumblers  and  per  cent  of  saving  of  wear 
over  the  square  type.  The  wear  and  tear  of  bucket  pins  and  bush- 
ings is  almost  entirely  the  result  of  the  deflection  of  the  buckets  in 
rounding  the  tumblers.  A  .slight  amount  of  wear  is  occasioned  by 
deflections  back  of  the  lower  tumbler  as  the  buckets  come  in  contiict 
with  the  material.  These  last  deflections,  however,  would  be  prevented 
b}^  rollers  such  as  are  suggested  in  a  paragraph  on  page  184  discussing 
the  respective  merits  of  the  spud  and  headline. 

If,  instead  of  square  upper  and  lower  tumblers,  pentagonal,  hexago- 
nal, heptagonal,  or  octagonal  tumblers  are  used  the  saving  of  we^r  of 
bucket  pins  and  bushings  would  be  approximately  40,  66,  Sdy^  and  1(X> 
lH»r  cent,  respectively. 

There  is  but  one  serious  objection  to  the  use  of  a  lower  tumbler  of 
more  numerous  faces,  i.  e.,  greater  size  and  weight.  The  great  saving 
in  wear  of  the  bucket  pins  and  bushings  will,  when  fully  appreciated, 
result  in  the  use  of  both  upper  and  lower  tumblers  of  more  numerous 
faces.     (See  PI.  XXXIII,  A.) 

One  dredge  manager  of  much  experience  has  suggested  the  use  of 
a  round  lower  tumbler  of  large  diameter  with  buckets  of  short  pitch, 
claiming  that  buckets  seldom  lie  flat  on  tumbler  face^  when  excavat- 
ing, J)ut  frequently  ride  the  corners  between  the  faces.  ThisdiflSculty 
has  been  observed  by  the  writer  on  many  occasions.  A  too  rapid 
feeding  of  buckets  resulted  in  c()nsideral)le  spilling  of  material  upon 
the  buckets  about  to  round  the  lower  tumbler.  TJje  spilled  material 
lodged  between  the  buckets  and  the  tumbler  faces  and  destroyed,  t4»ni- 
ponirily,  their  proper  relation.  The  use  of  the  round  lower  tumbler 
would  have  the  additional  advantage  of  preventing  surging  (see 
p.  1S4). 

Until  recently  it  has  not  been  generally  regarded  as  good  practice 
to  lowei*  the  digging  laddei"  to  more  than  4.5  from  the  horizontal 
because  of  supposed  disadvantages  in  such,  manipulation.  Recent 
installations  provide  an  idler  at  the  rear  end  of  the  well  to  prevent 
the  buck(*ts  from  dragging  on  the  chutes  and  the  save-all  gi*atings  as 
the  ladder  is  lowered  more  than  4.5  -  from  horizontal.  This  device 
permits  greater  working  depths  with  a  given  length  of  ladder  and 
makes  deeper  ground  available  for  the  dredge.  PI.  XXXIII,  B, 
illustrates  diggings  at  a  low  angle.  There  is  a  marked  divei*sity  of 
opinion  among  managers  as  to  the  relative  merits  of  the  trommel  and 
shakiniT  screen.  The  tronnnel  advocates  have  claimed  better  mechan- 
ism,  cheaper  maintenance,  more  efKcient  screening  when  material  is  at 
all  tenacious,  and  economy  in  power.  The  advocates  of  the  shaking 
screen  hav(»  claimed  larger  capacity  with  given  weight,  higher  per- 
centage of  gold  saving  because*  of  better  opportunities  for  amalgama- 
tion by  impact,  and  easier  and  better  distribution  of  material  over  the 
^'oid-saving  surfaces. 
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The  tromniol  (see  PI.  XXIX,  yl,  p.  102)  is  a  better  mechanism^ 
recjuires  less  power  for  operation,  and  gives  much  less  trouble  in 
maintenance  than  the  shaking  screen  and  does  cleaner  screening,  par- 
ticularly when  the  material  is  at  all  indurated  or  tenacious.  Trommels 
have  almost  without  exception  been  too  small,  and  all  late  installa- 
tions are  larger.  Amalgamation  by  impact  is  now  accomplished  by 
a  special  arrangement  of  the  gold-saving  apparatus,  and  distribution 
of  water  is  no  longer  a  difficult  problem  on  dredges  where  trom- 
mels are  used.  One  of  the  most  recent  installations  by  a  company 
which  has  extensivel}'  employed  lK)th  devices  includes  a  tronuuel.  At 
present  in  most  cases  the  tronmiel  is  in  high  favor  among  Oroville 
operators. 

Where  there  is  an  overburden  of  any  considerable  depth  the  use  of 
a  device  to  blank  the  trommel  or  screen  wmII  be  a  distinct  improve- 
ment. By  its  use  all  barren  material  can  be  stacked  well  back  of  dredge 
and  usually  at  a  more  rapid  rate  than  if  handled  in  the  ordinary  way. 
Overburdens,  which  it  is  always  necessary  to  dispose  of  as  quickU^  and 
cheaply  as  possible,  usually  consist  of  a  tine  loam  or  sand  which  can 
be  run  but  slowly  over  the  gold-saving  devices  because  of  clogging 
when  handled  rapidly.  A  blanking  device  was  used  for  a  time  at  Oro- 
ville and  worked  well,  but,  because  of  bad  design,  required  too  much 
time  in  blanking  and  unblanking  the  sc-reen.  Its  use,  however,  allowed 
the  beginning  of  dredging  operations,  on  interior  ground,  without  the 
use  of  a  sand  pump  and  the  immediate  excavation  to  a  depth  of  30 
feet,  with  a  consequent  mininmm  wasting  of  dredging  ground.  The 
use  of  such  a  device  involves  a  large  discharge  of  material  from  screen 
or  trommel  to  the  stacker  where  a  troughed  belt  is  used.  The  incline 
of  the  stacker  must  not  be  so  steep  as  to  permit  the  maU^rial,  w  hich  is 
often  a  thin  nmd,  to  run  back  to  the  end. 

The  use  of  a  device  to  blank  the  hopper  which  shunts  the  material 
into  the  well  has  been  tried,  but  has  not  been  entirely  successful.  In 
this  case  also,  bad  design  rather  than  bad  principle  was  responsible 
for  failure.  The  disposition  of  an  overburden  by  this  method  is  to  be 
heartily  recommended,  especially  where  dredges  work  on  headlines,  a.s 
thev  are  thus  enabled  to  di.^tribute  the  barren  material  ac^ross  most  of 
the  width  of  the  cut. 

The  gold-saving  apparatus,  after  many  experimental  modifications, 
including  the  introduction  of  various  magnetic  and  intricate  devices, 
has  returned  to  the  hydraulic-undercurrent  type  with  the  mercury 
riffle.  For  saving  clean  gold  the  mercury  riffle  is  probably  best. 
When,  however,  for  an}'  reason  there  is  imperfect  amalgamation,  the 
use  of  some  form  of  woven  material  to  enmesh  particles  of  rusty  gold 
is  good  practice. 

The  increjise  of  the  area  of  gold-saving  surface  has  met  with  good 
results.     Steeper  grades  are  now  used  for  gold-saving  tables  than  for- 
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merly,  and  arrangements  are  such  as  to  allow  a  better  distribution  of 
sluicing  water  to  various  parts  of  the  gold-saving  areas.  Gold-saving 
surfaces  are  now  generally  arranged  in  a  number  of  drops,  and  the 
material  impinges  upon  riffles  charged  with  mercury  and  is  amalga- 
mated by  impact. 

Much  thought  has  been  recently  given  to  the  perfecting  of  save -alls, 
and  a  surprisingly  largo  amount  of  gold,  sometimes  10  per  cent  of  all 
saved,  is  recovered  in  this  way.  The  design  of  save-alls  in  the  earlier 
practice  was  somewhat  neglected,  but  in  the  general  refinement 
of  working  methods  a  considerable  improvement  is  being  eflfected. 
A  device  for  keeping  under  lock  and  key  parts  of  the  gold-saving 
apparatus  where  the  largest  proportion  of  gold  is  caught  has  been 
introduced. 

The  troughed  belt  stacker  seems  to  be  generally  regarded  as  supe- 
rior to  the  bucket  stacker  (see  PI.  XXXIV,  B)  because  of  greater 
economy  of  operation  and  less  weight  for  a  given  length.  Stacker 
l)elts  are  a  source  of  large  expenditure  because  of  the  rapid  wear  due 
to  the  insufficient  thickness  and  inferior  quality  of  the  material  which 
covers  the  woven  part  of  belt  and  which  gives  the  belt  its  wearing 
qualities. 

Nearly  all  the  recently  installed  stackers  have  the  driving  pulley  on 
the  outboard  end,  and  electric  dredges  have  the  driving  motor,  as 
well,  on  the  outboard  end.  (See  PI.  XXXIV,  A,)  This  ari-angement 
has  eiiniinat^^d  a  number  of  troublesome  features.  If  the  stacker  is 
driven  by  rope  or  sprocket  chain  from  a  motor  on  the  dredge,  there 
is  much  trouble  due  to  wear,  slipping,  and  stretching  of  ropes  and  of 
sprocket  chains.  If  the  driving  pulley  is  at  the  inboard  end  of  the 
stacker,  the  load  is  pushed  uphill  on  the  slack  side  of  the  belt,  and 
there  is  much  trouble  from  slipping  and  stalling.  A  belt  stacker 
driven  ))y  the  inboard  pulley  requires  more  power  than  one  operated 
by  the  outboard  pulle}- . 

At  one  time  it  was  generally  thought  that  when  coarse  gold  occurred 
in  the  material  dredged,  either  the  double  or  single  lift  type  of  dredge 
must  be  used.  Stacker  dredges  are  now  used  and  have  at  the  lower 
end  of  the  trommel  perforations  large  enmigh  to  pass  material  up  to 
li  inches  in  diameter.  This  material  and  water  run  through  a  sluice 
where  gold  is  saved  and  are  then  deposited  in  the  stacker  buckets. 
With  such  a  device  under  ordinar}^  conditions  a  troughed  belt  stacker 
could  not  be  used,  as  it  could  not  handle  the  water.  Any  device  that 
would  remove  water  and  deposit  pebbles  on  the  belt  without  too  many 
complications  would  allow  the  use  of  the  belt  stacker.  (See  PI.  XXXV, 
A^  p.  184.)  It  would  not  be  expedient  to  use  a  double  or  single  lift 
dredg(»  where  ground  is  deep.  To  effect  disposition  of  tailings  while 
operating  the  double  and  single  lift  dredges  it  is  necessary  to  keep  the 
ix>nd  nearly  full  and  to  use  very  long  digging  ladders 
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Stackei's  and  tail  sluices  are  of  greater  length  than  formerly.  In 
earjy  iiiHtallations,  without  a  single  exception,  stackers  and  tail  sluices 
were  too  short,  and  difficulties  due  to  improper  disposition  of  tulings 
were  of  constant  occurrence.  Considerable  areas  of  rich  dredging 
ground,  particularly  when  deep,  have  not  been  thoroughly  worked, 
and  much  virgin  ground  has  been  covered  liy  tailings  to  such  a  degree 
as  to  make  it  unworkable.  The  short  stacker  does  not  allow  the  coarse 
tailings  to  be  discharged  at  a  sufficient  distance  from  the  stem  and  at 
the  proper  height.     There  is  consequently  lack  of  room  for  line  tail- 
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ings.  In  consequence  the  sand  pump  was  brought  into  use,  and  the 
fines  were  discharged  in  such  a  wa>  that  much  adjacent  ground  was 
covered  by  them.  Valuable  dredging  ground,  e\en  now,  is  being 
wasted  in  this  way,  as  also  by  faulty  manipulation  of  the  dredge.  The 
tailings  have  not  been  stacked  with  enough  care  to  keep  them  well  away 
from  the  sides  of  the  cut  when  there  is  virgin  ground  on  one  or  both 
sides. 

Fig.  35  shows  the  cross  section  of  tailings  so  piled  as  to  waste  no 
ground.     It  is  assumed  that  the  side  slope  of  the  cut  is  45'-',  but  this  is 


Fig.  3«.— ThIIIiikii  poorly  etacked. 

the  case  only  when  ground  is  very  free.  "B"  in  the  sketch  is  the 
boundary  of  the  cut  on  bed  ro(^k.  "A"  is  the  boundary  of  slope  to 
45''.  F  G  is  equal  to  2  F  H.  Tailings,  as  a  genei-al  rule,  should  be 
so  stacked  that  the  distance  from  the  tailings  to  the  side  of  the  cut  at 
the  sui'face  of  the  water  is  about  twice  us  great  as  the  depth  to  which 
the  dredge  is  digging. 

A  cross  section  showing  the  result  of  stacking  tailings  badly  is 
indicated  in  fig,  36.  This  cut  has  been  filled  with  tailings  to  point  A', 
the  boundary  of  the  out  at  the  surface.     In  excavating  the  cut,  of 
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which  A',  L,  K,  J  is  a  part  of  cross  section,  it  would  not  be  possible 
to  dredge  ])eyond  the  point  L  in  the  direction  of  IV  without  having  to 
dig  tailings  in  section  IV,  A',  M,  N.  If  the  material  in  the  triangular 
section  is  assumed  to  be  loose  and  to  stand  at  an  angle  of  45'  \  angle 
A',  L,  JV,  the  undredged  ground  in  section  B',  L,  A'  would   l>e  lost. 

At  first  the  relative  merits  in  the  use  of  a  pivotal  spud  or  a  headline 
were  considered  almost  wholly  from  the  standpoint  of  actual  exaiva- 
tion,  and  the  difficulties  of  distx)sing  of  the  tailings  did  not  receive 
nearly  the  attention  their  importance  demanded.  In  the  opinion  of 
the  writer  the  pivotul  spud  should  be  used  only  by  dredges  of  the 
double  and  single  lift  type  whose  sluices  are  sustained  by  auxiliary 
scows.  Several  dredges  of  these  types  in  Montana,  having  broken  a 
number  of  pivotal  spuds  while  dredging  a  tenacious  material,  have 
substituted  a  system  of  rope  anchorages  which  does  not  recommend 
itself  to  the  writi>r,  as  it  appears  better  to  make  use  of  stronger  spuds. 
The  rigging  consists  of  four  wire  ropes  leading  from  a  high  fi'ame  at 
the  stern  to  anchors  ashore.  The  pivotal  spud  appears  to  l)c  more 
effective  in  holding  the  dredge  when  excavating  indurated  material 
and  prevents  its  surging  and  ramming  the  bank.  Attempt  has  l)een 
made  to  prevent  this  movement  in  headline  dredges  by  placing  the 
buckets  closer  together  and  thus  bringing  alx)ut  greater  continuity  of 
contact  between  the  buckets  and  the  dredging  surface.  This,  how- 
ever, has  not  been  entirely  successful.  It  is  possible  that  the  intro- 
duction of  a  numl)er  of  rollers  on  the  lower  side  of  the  bucket  ladder 
and  b(»hind  the*  lower  tumbler  would  result  in  holding  several  bui^ket^ 
lirinly  against  the*  material  being  ex<'avated  and  prevent  surging,  a.s 
it  is  probable  that  this  movement,  in  digging  hard  material,  is  caused 
by  the  alternate  taking  hold  and  letting  go  of  the  buckets,  as  only  one 
bucket  at  a  time  is  held  linn  I  v  bv  the  lower  tumbler.  The  buckets 
lu'hind  the  lower  tumbler  dig  b}-  their  w^Mght  only,  which  is  insuf- 
ficient to  force  them  into  hard  material.  The  use  of  some  such  device 
as  above  suggested,  if  successful,  would  proba])ly  make  it  jjossible  for 
a  headline  dredge  to  excavate  iiiduratinl  matcM'ial  with  the  very  im}x>r- 
tant  advantages  of  mobility  and  thi*  better  distribution  of  tailings. 

The  use  of  lower  tumblers  of  more  numerous  faces  causes  more 
buckets  to  dig  at  a  time  and  results  in  less  surging.  It  is  possible 
that  th(»  use  of  a  round  tumbler  of  large  diameter  might  entirel}'  elim- 
inate the  surging,  for  there  would  then  be  no  raising  and  lowering  of 
the  buckets  as  there  is  during  the  revolution  of  the  tumbler  of  few 
faces. 

The  use  of  the  pivot^il  spud  introductes  a  number  of  problems  in  the 
disposition  of  tailings.  The  s])ud  should  be  so  located  as  to  make  the 
radius  of  the  arc  described  by  the  buckets  in  digging  as  long  as  possi- 
})le,  thus  ])ermitting  the  (excavation  of  a  wide  cut — an  obvious  advan- 
tage.   This  demands  the  placing  of  the  spud  at  or  near  the  stern.    The 
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older  })oats  were  provided  with  short  stackers  and  tail  sluices,  which 
resulted  in  the  narrow  distribution  of  all  the  tailings,  but  more  jmr- 
ticularly  the  fines.  Under  these  conditions  the  stern  of  the  dredge 
was  f  re(|uently  aground,  unless  kept  clear  by  the  use  of  a  sand  pump. 
This  ditliculty  has  been  remedied  to  a  certHin  degree  by  the  lengthen- 
ing of  stackers  and  tail  sluices,  but  will  always  l>e  nmch  more  serious 
for  the  pivotal-spud  dredge  than  for  the  headline  dredge.  The  head- 
line dredge  can  use  the  maximum  amount  of  tailing  area.  For  exam- 
ple, in  unusual  cases,  as  in  dredging  a  pay  stre^ik  of  defined  boundaries, 
tailings  can  be  deposited  on  barren  ground  outside  of  the  cut.  To 
accon)plish  the  same  result  with  a  pivotal-spud  dredge  numerous 
changes  of  position  would  have  to  bo  made,  an  exi>edient  likely  to 
result  in  much  loss  of  time  and 
some  loss  of  ground  because  of  the 
ditliculty  of  relocating  the  pivotal 
points.  The  wasting  of  un worked 
grt>und  b\'  the  faulty  discharge  of 
tailings  is  well  illustrated  by  tig. 
87.  In  this  the  distance  from  the 
pivotal  point  to  the  lower  end  of 
bucket  ladder  excavating  at  the 
maximum  depth,  called  the  digging 
length,  is  90  feet.  Here  P  x  and 
V  y  represent  the  distances  from 
the  pivotal  point  to  the  point  of 
discharge  of  the  stacking  ladder 
and  are  called  "tailing  lengths." 
Here  the  discharge  is  at  points 
marked  z  and  z\  which  are,  respec- 
tively, only  18  feet  and  5  feet  from 
boundaries  of  cut,  whereas  they 
should  l)e  not  less  than  40  feet 
away,  if  the  dredge  be  digging  in 
ground  20  feet  deep.  It  also  shows 
that  in  some  methods  of  manipulation  too  long  a  stacker  is  detrinumtal. 
This  illustration  is  taken  from  two  dredges  now  in  operation. 

In  tig.  38  a  method  in  general  use  is  shown  to  prevent  the  covering 
with  tailings  of  imexcavated  material  adjacent  to  cut.  To  bring  this 
about  it  is  necessary  to  move  the  dredge  from  P  to  P'  as  often  as  the 
distances  from  C  and  C  to  ,r,  while  moving  ahead  in  excavating  arc 
A,  B,  C,  and  in  the  advancing  of  tailings  in  arc  .y,  y,  2,  become  so  short 
as  to  make  it  difficult,  as  jf  approaches  P,  and  x  approaches  P',  to 
move  to  and  dig  in  the  other  half  of  the  cut.  The  changing  of  the 
dredge  from  one  half  to  the  other  half  of  the  cut  is  genenill}'  made 
every  few  days  and  consumes  considerable  time.     There  is,  moreover, 
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the  constant  danger  of  the  dredge  not  being  located  with  the  pivotal 
point  in  the  right  place  and  thus,  when  changing  from  one  half  cut  to 
the  other,  there  is  a  consecjuent  loss  of  ground.  In  this  figure  it  is 
assumed  that  the  dredge  is  digging  20  feet  below  the  surface  of  a 
pond  on  a  bank  30  feet  deep. 

In  fig.  3t>  the  result  of  keeping  the  lines  of  advance  of  the  pivotal 
points  too  close  together  is  shown.  The  dumping  of  tailings  at  a?'  and 
X  would  result  in  grounding  the  dredge.  In  this  case  the  distances 
from  2  and  /  to  sides  of  cut  are  unnecessarily  great.  It  is  evident 
that  if  the  lines  of  advance  of  the  pivotal  points  are  kept  too  far  apart 
ground  adjacent  to  the  cut  will  })e  wasted.  In  general,  it  may  be  said 
that  where  the  material  to  be  dredged  is  free,  the  headline  method  is 


Fig.  1^8. — Correct  spud  difiTRing  from  two  pivotal  spuds. 

superior,  and  also,  if  by  the  introduction  of  some  device,  surging  can 
be  prevented,  the  headline  method  would  be  superior  in  dredging 
indurated  material,  for  there  the  problem  of  the  disposition  of  the  tail- 
ings is  much  simpler.  This  permits  of  the  use  of  shorter  stacker  and 
tail  sluices  and,  therefore,  smaller  hulls  and  lighter  construction. 

There  is  a  marked  tendency'  now  toward  stronger  hull  construction, 
and  longitudinal  bulkheads  or  fore  and  aft  keelsoas  are  often  intro- 
duced. Traverse  water-tight  bulkheads  at  the  lx)ws  would  be  advan- 
tageous in  dredges  working  in  torrential  rivers  where  there  is  danger 
of  collision  with  floating  trees;  or,  in  rivers  like  those  in  Alaska,  where 
ice  mav  be  encountered. 

In  some  instances  machinery  too  heavy  for  the  size  of  the  hull  has 
been  installed,  and,  as  a  result,  there  has  been  a  lack  of  stability  of  the 
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dredge,  with  consequent  disturbance  of  the  grades  of  the  gold-saving 
devices.  Hulls  are  now  generally  made  with  overhanging  houses, 
which  give  more  deck  room  and  permit  of  the  location  on  board  of  a 
small  though  very  convenient  shop.  The  crowning  of  decks  has 
resulted  in  cleaner  and  drier  dredges. 

Stronger  gauntrees  have  been  introduced  in  the  late  installations. 
The  bow  gauntree,  at  first  considered  merely  as  a  support  for  the  out- 
board end  of  the  digging  ladder,  is  made  much  heavier,  as  it  is  now 
designed  also  to  tie  together  the  bow  pontoons. 

The  main  gauntree,  on  which  are  sustained  the  upper  tumbler  and 
its  driving  gear  and  the  inboard  end  of  the  digging  ladder,  is  made 
nmch  stronger  than  formerly,  particularly  when  the  upper  tumbler  has 
a  gear  drive  and  a  good  alignment  becomes  therefore  essential.     In 


Fio.  39.— Sketch  nhowlng  dang(>r  of  Krv^^^t^ing  l>oat  in  tailings  when  i)ivotHl  pointM  are  too  closo 

together. 

dredges  recently  constructed  the  main  gauntree  has  l>een  made  the  ver- 
tical post  in  longitudinal  and  transverse  trusses  which  tend  to  prevent 
the  distortion  of  the  hull,  due  to  the  great  weights  of  the  digging  and 
tailing  machinery,  which  are  sustained  respectively  at  extreme  l)ow 
and  extreme  stern.  Stern  gauntrees  have  not  been  much  modified, 
but  have  teen  strengthened  and  ma<le  somewhat  higher,  so  as  to  sustain 
longer  stackers. 

The  introduction  of  some  form  of  derrick  or  crane,  at  the  bow, 
to  move  stumps  and  other  obstructions  and  to  hoist  machinery,  is 
now  common.  The  use  of  traveling  cranes  over  driving  and  other 
machinery  is  not  so  general  as  it  should  be,  for  such  devices  save  time 
and  lal>or  when,  as  is  frequently  the  case,  renewals  or  repairs  are 
necessary.     The  machinery  is  now  generally  housed. 
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The  location  of  operating  levers,  controllers,  and  switches  is  still  a 
mooted  question.  Some  operators  prefer  them  on  the  lower  deck 
close  to  the  driving  machinery;  others  in  the  pilot  house,  which  is 
located  near  the  forward  end  of  the  upper  deck.  In  some  installations 
they  are  placed  in  a  pilot  house  just  aft  of  the  upper  tumbler.  With 
the  first  arrangement  the  winch  man  is  among  the  driving  machinery 
and  can  watch  it,  but  unless  he  leaves  his  station  he  sees  little  of  anv- 
thing  else  and  gets  a  poor  view  of  the  whole  length  of  buckets.  With 
the  second  arrangement  the  winch  man  can  see  the  buckets  better,  all 
bowlines,  but  little  else.  With  the  third  arrangement  the  winch  man 
sees  the  buckets,  the  lines  at  bow  and  stern,  the  hopper,  the  screen, 
and  enough  of  the  gold-saving  apparatus  to  know  whether  the  riffles 
are  clear,  and  with  the  aid  of  mirrors  can  also  see  the  stacker  and  tail 
sluices.  The  objection  to  this  arrangement  and,  in  a  measure,  also  to 
the  second  is  that  the  winch  man  is  isolated  and  therefore  inaccessible 
(see  PI.  XXXV,  /?,  p.  184).  The  type  of  dredge  and  height  of  upper 
tumbler  should  determine  the  position  of  the  operating  levers,  con- 
trollers, and  the  switches,  but  in  general  it  would  appear  that  the 
advantage  would  lie  with  a  location  behind  the  upper  tumbler. 

Ijoss  of  time  has  always  been  a  serious  factor  in  the  use  of  gold 
dredges.  The  first  installed  in  the  Unite-d  States  operated  less  than 
50  per  cent  of  the  time.  This  was  due  to  several  causes,  but  princi- 
pally to  the  time  consumed  in  making  repairs  and  renewals  and  the 
difficulties  })rought  about  by  the  faulty  arrangements  for  dispositioH 
of  tailings.  Minor  causes,  such  as  lack  of  cranes  and  derricks,  can  be 
overlooked,  being  unimportant  by  comparison.  The  writer,  however, 
has  seen  the  removal  of  troublesome  stumps  consume  hours  when, 
almost  without  exaggeration,  it  may  be  said  that  minutes  should  have 
sufficcMJ  for  this  purpose.  It  is  noteworthy  that  many  operations  are 
hanip(M-ed  by  lack  of  a  sufficient  number  of  lights  for  doing  night 
work  on  or  near  the  dredges. 

All  dredges  should  he  equipped  with  devices  for  hoisting  and  mov- 
ing the  driving,  screening,  and  pumping  machinery,  but  these  are  now 
often  lacking.  The  belting,  both  for  stacking  and  driving,  has  caused 
much  loss  of  tuuo — a  result  du(»  })oth  to  the  poor  quality  of  belts  and 
to  the  attempt  to  make  belts  do  work  for  which  they  were  not 
intended.  Friction  clutches,  hoppers,  and  screens  of  bad  design  and 
inacce>sibility  of  })arts  of  equipment  have  also  brought  about  a  serious 
loss  of  time.  This  is  sj)ecially  true  of  renewals  of  such  pans  as  baflle 
plates  of  hop})ers  and  perforated  sheets  of  screens. 

Cleaning  up  also  consumes  much  tini(\  and  any  arrangement  that 
will  permit  continuous  running  during  clean-ups  of  ritfles  charged 
with  (juicksilver  will  be  of  great  value.  Of  late  some  managers  have 
employed  rather  large  crews  to  minimize  lost  time,  though  many 
dredges  are  still  operated  with  bnt  two  men  per  shift. 
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The  now  general  use  of  variable-speed  motors  on  electric  dredges 
has  had  good  results.  Constant-speed  motors  on  headline  dredges 
working  in  indurated  material  had  brought  the  headline  method  of 
dredging  into  bad  favor,  whereas  variable-speed  motors  permit  a 
chain  speed  suitable  for  indurated  material,  with  less  surging  and 
breakages.  Under  these  conditions  about  the  same  amount  of  mate- 
rial is  excavated,  as  a  slow  chain  speed  with  low  theoreticral  capacity 
has  often  in  tenacious  gravel  a  greater  actual  ca])acity  than  a  high 
chain  speed  with  high  theoretical  capacity.  This  is  due  to  the  incom- 
plete filling  of  the  buckets  when  running  at  too  great  a  chain  speed. 

In  Alaska,  where  much  frozen  ground  is  encountered,  the  conditions 
are  not  favorable  for  the  successfid  operation  of  gold  dredges,  espe- 
cially as  the  long  winter  reduces  the  number  of  working  days  to  about 
one  hundred  and  thirty  a  year.  Nearly  all  the  deposits  of  aurifer- 
ous alluvions  are  frozen,  though  some  areas,  notably  in  the  bods,  of 
rivers,  are  unfrozen.  Such  unfrozen  zones  are  easily  dredged. and 
large  volumes  can  1x5  cheaply  handled.  The  depths  to  bed  rock-  are 
moderate,  but  the  bed  rock  is  generally  unfavorable  for  easy  excava- 
tion, and  the  ground  is  characterized  by  a  great  concentration  of 
values  near  and  in  it.  Lateral  concentration  also  is  great  and  the  pay 
streaks  are  often  narrow.  High  costs  of  installation  and  operation 
are  other  di'awbacks  in  regions  far  from  the  coast,  to  which  freight 
charges  are  high.  Considerable  areas  of  so-called  '' worked  out" 
ground  in  this  northern  field,  particularly  in  the  Klondike  district  of 
the  Yukon  Territory,  would  furnish  excellent  dredging  ground  if  the 
material  were  not  frozen.  Steam  thawing  now  costs  about  40  cents 
a  cubic  yard,  but  a  cheaper  method  of  thawing  would  make  much 
ground  available  for  highly  profitable  dredging.  It  is  probable  that 
if  wide  cuts  were  made  the  banks  might  thaw  as  rapidly  under  expo- 
sure to  the  sun  as  they  could  be  removed  by  the  dredge.  Another 
factor  which  may  be  of  importance  is  that  ground  which  has  once  been 
worked  does  not  freeze  to  any  great  depth.  It  is  evident  that  the  chief 
problem  of  gold  dredging  in  this  northern  province  is  in  the  thawing  of 
the  material,  for  maiiy  of  the  other  conditions  are  favorable  for  profit- 
able exploitation  by  this  means. 

Had  gold  dredges  been  used  in  tne  North  when  the  first  mining  was 
done  on  the  richer  creeks  much  more  gold  would  have  been  recovered 
and  the  cost  would  have  been  less,  for  the  earlier  methods  were  exceed- 
ingly wasteful  and  costly.  The  overburden  of  nmck  could  have  been 
easily  sluiced  off  and  the  thawing  of.  the  underlying  gravels  would 
have  been  easy  when  aided  by  exposure  to  sun  and  air. 

In  this  northern  region,  because  of  the  small  vertical  section  and 
absence  of  much  tine  sand  in  the  gravels,  dredges  with  short  digging 
ladders  and  stackers  can  be  used.  This  equipment  demands  only  small, 
light  hulls  and  machinery.     Large  volumes  of  thawed  material  can  be 
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handled,  but  screening  devices  for  saving  coarse  gold  are  essential. 
Bucket  leather  than  belt  stackers  are  preferable,  for  ice  on  the  faces  of 
the  driving  pulleys  would  cause  slipping.  The  climatic  conditions 
demand  that  the  dredges  should  be  completely  housed,  and  that  those 
driven  by  electricity  should  be  ecjuipped  with  electric  heaters  to  sup- 
ply hot  water  to  the  gold-saving  appliances  and  thus  permit  contin- 
uing operations  after  cold  weather  has  put  a  stop  to  bydraulicking 
and  open-cut  mining. 

Open  connected  buckets  will  do  better  work  in  the  heavy  bed  rock 
usually  encountered  in  Alaska,  and  teeth  on  bucket  lips  will  probably 
be  effective.  The  use  of  several  j>owerf  ul  digging  teeth  in  the  bucket 
chain,  instead  of  toothed  buckets,  to  excavate  heavy  bed  rock,  was 
suggested  by  a  manager  of  wide  experience,  and  has  worked  well  in 
several  instances.  A  larger  factor  of  safety  should  be  allowed  in 
designing  dredging  machinery  intended  for  Alaska,  and  strenuous 
efforts  made  to  minimize  lost  time  in  every  feature  of  the  construction, 
so  that  full  advantage  may  be  taken  of  the  short  available  season. 

SLUICES    ANi>    GOL.D-8AVING    APPIilANCES,    EXCJLUDING 

HYDBAUIilC^  OPERATIONS. 

Creek  miners  in  the  Klondike  and  Alaska  placer  fields  have  met, 
with  extraordinary  vigor  and  a  considerable  amount  of  success,  the 
l^eculiarly  difficult  conditions  attendant  on  mining  operations  in  the 
Northwest.  Inventive  geniu.s  has  been  called  largely  into  pla}",  since, 
except  in  parts  of  Seward  Peninsula,  hydraulic  mining  in  working 
the  creek  deposits  is  not  practiced.  It  is  evident,  however,  to  one 
who  visits  the  Klondike  district,  that  the  methods  there  in  vogue 
for  working  the  rich  creek  deposits  have  been  developed  with  special 
attention  to  the  economical  mining  and  conveying  of  the  material  to 
the  sluice,  while  the  washing  of  the  gravel  in  the  sluice  is  not,  as  a 
rule,  conducted  with  a  view  to  the  saving  of  the  greatest  economic 
amount  of  the  gold.  Whereas  in  the  h^-draulic-sluicing  methods  the 
benefit  of  long  experience  has  resulted  in  generally  commendable 
practice,  the  smaller  hand  and  mechanical  creek  operations  frequently 
exhi})it  gross  carelessness  in  the  matter  of  gold-saving  appliances. 

The  method  of  shoveling  by  hand  into  a  string  of  sluice  boxes  is 
natunilly  the  one  first  tried  })y  the  miner  in  a  remote  district,  working 
in  shallow  ground,  after  he  has  passed  the  panning  and  rocking 
stage.  In  these  operations  the  cost,  even  under  present  northern  con- 
ditions, varies  from  ^1.25  to  $2.50  per  cubic  yard  (averaging  $1.63),  the 
capacity  per  man  per  shift  averaging  5^  cubic  yards.  The  most  prim- 
itive appliances  are  the  most  economical.  From  three  to  six  boxes, 
12  or  14:  inches  in  width  by  12  inches  deep  by  12  feet  long,  on  a  grade 
of  C)  or  7  inches  to  the  box  length,  fitted  with  6-foot  3-inch  pole  riffles 
made  of  saplings,  form  the  customary  rig  in  the  interior  where  timber 
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18  at  hand.  From  80  to  (>0  miner's  inches'*  of  water  are  used.  Opera- 
tions of  this  kind,  where  from  three  to  twenty  men  shovel  in,  are  to 
be  found  on  all  the  gold-bearing  creeks  exploited  in  Alaska,  though 
in  the  Klondike  they  have  been  largely  supplemented  by  methods 
employing  less  hand  labor.  As  none  but  rich  gravel  can  be  so  worked, 
exigency  permits  a  loss  of  fine  gold.  It  is  rare  that  placer  miners  will 
admit  that  they  are  losing  gold,  but  it  is  safe  to  estimate  that  in  the 
interior,  where  two  to  five  boxes  are  in  use  for  saving,  and  where 
drop-offs  are  not  used,  or  are  only  such  as  are  caused  by  the  telescope 
connection  of  the  boxes,  from  10  to  20  per  cent  ef  the  gold  lifted  into 
the  boxes  is  allowed  to  return  to  the  creek  bed. 

It  would  seem  that  heavy  losses  must  occur  in  connection  with  the 
sluicing  of  the  winter  dumps  taken  out  in  drifting  operations.  The 
strings  of  sluice  boxes  are  erected  at  as  small  an  elevation  as  possible, 
in  order  that  the  greater  proportion  of  the  material  Avill  not  have 
to  be  rehandled  when  the  spring  sluicing  is  done.  PI.  XXXVI,  A^ 
shows  one  method  of  dumping,  in  the  winter,  over  previously  erected 
sluices.  Boards  are  laid  over  the  sluices,  and  when  sluicing  is  resumed 
the  water  is  turned  through  the  sluice,  and,  beginning  at  the  lower 
end,  the  boards  are  successively  removed.  As  much  of  the  gravel  as 
possible  is  caved  in,  sometimes  with  the  assistance  of  a  nozzle,  and 
the  remainder  is  shoveled,  wheeled  to,  and  dumped  into  the  sluice. 
Small  bunkers  or  hoppers  are  sometimes  built  over  the  sluices,  but  no 
hoppers  of  large  capacity,  like  those  in  use  in  Plumas  County,  Cal., 
were  seen  in  the  north.  On  Anvil  Creek,  in  Seward  Peninsula,  a 
large  winter  dump  was  handled  in  this  way,  with  the  exception  that 
those  portions  which  could  not  be  caved  to  the  sluice  were  conveyed 
to  it  and  dumped  in  by  means  of  horse  scrapers.  Though  loss  of  gold 
may  be  permissible  in  primitive  operations  of  small  capacity,  it  should 
become  proportionally  less  when  larger  mechanical  installations  are 
made  and  the  capacity  of  the  plant  is  increased. 

One  of  the  early  difficulties  which  the  miner  in  the  interior  encoun- 
tered was  the  presence  of  sticky  clay  and  mud  in  the  rich  pa}^  dirt. 
The  difficulty  was  partly  overcome  by  the  introduction  of  the  mud 
box,  or  puddling  box,  which  was  set  in  the  middle  or  at  the  upper 
end  of  the  string.  Into  this  the  men  shoveled,  or  a  bucket  or  crar 
dumped.  PI.  XXXVII,  A  (p.  194),  shows  the  form  of  the  mud  box 
used  in  the  Klondike,  and  fig.  40  shows  its  position  in  the  line  of 
boxes.  Its  grade  is  generally  made  steeper  than  that  of  the  rest  of 
the  string;  12  inches  is  common.  The  services  of  an  extra  man  as 
stirrer,  who  also  forks  out  the  large  stones,  are  required. 

Where  men  shovel  into  boxes  the  mud  box  is  used  merelv  as  a 
wide  part  of  the  sluice.     In  larger  plants,  where  buckets,  cars,  or 

otThe  term  miner's  inch  used  in  this  paper  signifies  an  amount  of  water  equivalent  to  li  cubic  feet 
per  minute. 


1P2 


GRAVEL    AND    PLACER   MINING    IN    ALASKA. 


[bpll.  7fa. 


derrick  skips  dump  into  the  mud  box,  a  platform,  inclined  at  an 
angle  of  about  SC^,  II  feet  square,  and  built  up  of  timlier  floored  with 
rough  scantling,  is  erected  on  the  side  of  the  box  for  the  gravel  to 
fall  on. 

The  C4ipacity  of  the  sluice  is  cut  down  rather  than  increased  by  the 
use  of  the  mud  box,  and  the  expense  is  increased  by  the  cost  of  the 
man.  A  greater  saving  of  gold  is  made,  but  at  best  the  operation  is 
expensive  and  of  small  and  variable  efficiency.  In  some  shoveling-in 
ope mt ions  the  use  of  the  mud  box  is  advisable,  but  where  mechanical 
self-dumping  buckets  are  used,  it  is  possible  that  some  other  form  of 
agitator  might  be  advantageously  employed. 

The  developments  of  the  ojwn-cut  and  drifting  methods  of  gravel 
mining  have  nei'essitiited  an  enlarging  of  the  sluicing  capacity.     With 
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tho  enlarging  of  the  capacity,  however,  there  has  not  been  a  propor- 
tionate iini)rovemcnt  in  the  construction  of  the  gold-saving  appliances. 
In  otlicr  words,  instead  of  drawing  on  the  experience  of  the  hydraulic 
miner  and  the  di-edge  miner  for  the  adoption  of  gold-saving  methods, 
the  creek  miners  of  th(^  Klondike  have  continued  the  method  of  the 
long,  narrow  sluice  used  for  shoveling-in  operations,  amplifying  its 
error  and  suffering  the  inevitable  losses  of  fine  gold  which  its  use 
cntiiils. 

The  average  capacity  of  a  small  placer  o{)eration  where  hand  labor 
is  eniploved  is  40  cubic  vards  a  davof  ten  hours.  Grant  that  the  nar- 
row  sluice  of  »^t)  feet  in  length  with  pole  riffles  is  most  economical  for 
the  needs  of  such  a  mine.     Now  take  an  average  summer  drifting 
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plant,  where  the  gravel  is  dumped  into  the  mud  box  by  means  of  the 
cable  tram  and  self -dumping  carrier,  like  that  illustrated  in  PL 
XXXVII,  A.  The  capacity  is  175  cubic  yards  in  twenty-four  hours, 
and  the  cost  is  approximately  $1.50  per  yard.  After  it  is  hoisted  from 
the  shaft  the  material  is  elevated  to  a  height  of  25  feet  above  the  sur- 
face of  the  ground.  Water  is  pumped  to  this  height  for  sluicing. 
The  sluice  consists  of  a  mud  box  16  feet  long  and  30  inches  wide,  on 
a  12-inch  grade,  tapering  to  the  14-inch  sluice  boxes  which  follow. 
There  are  eight  of  these,  set  on  grade  of  10  inches  to  12  feet,  fur- 
nished with  pole  riffles,  which  last  three  weeks  only  and  cost  $3  per 
box  length  to  renew.  The  man  forking  in  the  mud  box  costs  $6.50  a 
day  of  ten  hours.  At  this  plant  the  gold  is  in  part  very  finely  divided, 
and  it  is  impossible  to  believe  that  the  sluice  in  use  is  operating  with 
economy. 

Proof  of  the  losses  now  going  on  in  the  Klondike  was  seen  on  a  neigh- 
boring creek.  At  a  plant  somewhat  larger  than  the  one  above  described, 
where  240  cubic  yards  a  day  were  handled  at  a  cost  of  $1  a  cubic  yard, 
a  small  undercurrent  had  been  installed,  at  the  end  of  ten  16-inch- 
boxes,  12-inch  grade,  pole  riffles.  The  undercurrent  was  fed  through 
a  small  iron  grizzly,  and  consisted  merely  of  one  16-inch  sluice  box, 
12  feet  in  length,  with  a  riffle  of  cocoa  matting  and  expanded  |netal. 
It  cost  $20  to  construct  this  device,  which  was  saving  an  average  of  5 
per  cent  of  the  product  eac'h  day.  A  sample  of  the  gold  was  taken, 
and  although  some  of  it  is  too  fine  for  handling,  such  particles  as 
could  be  weighed  and  counted  gave  a  result  of  280  colors  to  the  cent, 
the  gold  being  worth  $15.60  per  ounce.  Gold  of  finely  divided  but 
never  flaky  character  was  seen  in  all  the  large  producing  creeks  of  the 
Klondike,  and  at  the  new  Fairbanks  district  of  Alaska. 

The  plants  above  referred  to  represent  the  average  capacity  of  the 
creek  mines  of  the  interior  of  Alaska,  where  the  hoisting  of  material, 
and  frequently  the  pumping  of  sluice  water  are  necessary.  It  costs 
from  $3,000  to  $5,000  to  rig  up  such  plants,  which  are  used  for  three 
seasons  or  longer.  To  install  a  washing  plant  in  such  a  case  as  the 
above  would  add  little  to  the  first  cost,  and  the  additional  expense 
would  probably  be  justified  by  the  results. 

Before  entering  on  suggestions  as  to  the  use  of  washing  plants,  I 
wish  to  emphasize  the  fact  that  the  methods  of  sluicing  in  use  in 
Alaska,  especially  in  the  Birch  Creek,  Fortymile,  and  Fairbanks  dis- 
tricts, and  to  a  certain  extent  in  Seward  Peninsula,  have  been,  and 
will  continue  to  be,  influenced  by  the  Klondike  developments.  Though 
many  of  the  methods  developed  jin  the  Klondike  are  excellent  and  are 
worthy  of  imitation  in  any  country  where  conditions  are  similar*  at 
the  same  time  the  Alaskan  miners  should  note  the  wrong  principle  of 
the  primitive  sluice  box;  wblcb  has  been  continued  (here,  l^e  entire 
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absence  of  Hcreening  or  use  of  grizzlies,  other  than  the  rough,  expen- 
sive hand  method  employed,  renders  valueless  much  ground  which 
could  be  worked.  A  plant  costing  ^,000,  designed  to  thaw,  excavate, 
hoist,  convey,  and  wash  150  cubic  yards  a  day  at  a  ei)st  of  $1  a  3-an], 
could,  by  an  addition  of  from  $5()0  to  $2,(HX>  to  the  first  cx>st  of  the 
plant  and  an  addition  of  10  cents  per  yai*d  to  the  cost  of  washing, 
recover  at  least  10  per  cent  more  value  in  gold  from  a  cubic  yard  of 
material. 

It  may  be  said  that  the  fine  gold  found  in  the  Klondike  does  not 
occur  in  the  Alaska  creeks.  This  is  disproved  by  experiments  made 
on  small  parcels  taken  from  pannings  on  the  various  ci'eeks.  Fine 
gold  from  Fairbanks  Creek,  in  the  Tanana  district,  runs  500  colors  to 
the  cent,  the  gold  ))eing  worth  $17.70  per  ounce.  A  snoall  proportion 
of  gold  from  Ophir  Creek,  in  Seward  Peninsula,  was  found  to  run 
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170  colors  to  the  cent,  the  gold  being  worth  $18.50  per  ounce.  No 
means  of  knowing  the  proportionate  amount  of  this  gold  is  possible, 
as  with  the  nieth(xis  at  present  employed  very  little  of  it  is  recovered. 
Five  per  cent  i.s  considered  a  fair  average  of  the  total  gold  represented 
by  the  alx)ve  tineness  of  division.  This  gold,  which  is  not  flaky  in 
spite  of  its  tine  chamcter,  could  easily  l>e  saved  with  the  proper  appli- 
ances, and  there  is  no  doubt  that  much  coarser  gold  is  lost. 

The  question  will  be  asked,  Can  a  cheap  and  efficient  washing  plant 
be  installed*  where  gravel  must  be  elevated  by  power,  which  will  not 
add  greatly  to  the  cost,  and  the  parts  of  which  can  be  easily  and 
quickly  made  with  the  materials  at  hand  i 

On  the  i)rinciple  that  gold  is  best  saved  in  the  thinnest  sheet  of  water 
which  will  <*arry  the  tailings  away,  it  is  evident  that  for  fine  gravel 
a  wider  sluice  is  better  than  a  narrow  one.     In  narrow  sluice  boxes, 
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full  or  nearly  full  of  water  running  with  great  velocity,  fine  gold  will  be 
carried  along.  Lengthening  the  sluice  will  not  help  matters.  In  fact, 
a  short  sluice  with  drops  or  undercurrent  attachment  is  frequently 
more  effective  than  a  long  sluice  without  it. 

In  a  given  case  a^aume  that  the  ordinary  14-incQ  boxes  are  widened 
to  24  inches,  and  that  5  boxes,  with  a  grade  of  9  inche.s  to  the  box, 
titited  with  the  ordinary  sapling-pole  riffles,  as  at  present,  are  suc- 
ceeded by  3  boxes  with  the  form  of  screen  represented  in  fig.  41, 
the  grade  being  made  adjustable  by  means  of  blocking.  An  addition 
of  19i  inches  to  each  of  the  3  boxes  would  compensate  for  the  loss  of 
grade  consequent  on  the  up- 
tilting  of  the  screens.  The 
whole  drop  in  the  string  of 
l>oxes  would  be  103.5  inches 
as  ^^inst  108  inches  were 
12  boxes  used  with  !)-inch 
grade.  Underthe  punched 
iron  plates  riffles  of  one  or 
more  kinds  as  des<^ribed 
below,  charged  with  quick- 
silver, should  be  used. 
The  riffle  shown  in  lig.  42 
will  be  found  satisfactory'. 
Mat^,  plush,  or  blankets 
may  under  certain  condi- 
tions be  found  more  eco- 
nomical. A  short  trans- 
verse table  following  the 
last  box,  arranged  under  a 
grizzly  from  which  the 
large  material  is  discharg- 
ed to  the  dump,  will  enable 
the  operator  to  determine 
whether  losses  are  occur- 
ring in  the  main  sluice  and 
screening  boxes. 

The  above  installation  is  in  principle  a  series  of  undercurrents  com- 
bined in  the  main  sluice.  Its  advantages  of  cheapness,  adaptability  to 
conditions,  and  simplicity  recommend  it.  No  extra  power  or  water  is 
required.     On  the  other  hand,  the  use  of  the  mud  box  is  not  obviated. 

Regarding  the  use  of   punched   plates   in  working  New  Zealand 
gold-bearing  marine  deposits,  Mr.  H.  W.  Young"  says: 
.  Th«  bent  Bite  of  perfomtion  for  hopper  plaU«  has  Ix^n  a.  matter  Fur  t-xperiinent  by 
myself  and  others,  variationH  from  one-fuiirth  inch  to  live-eighths  inch  having  been  put 
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to  working  tests.  It  is  proved  that  holes  of  less  than  three-eighths  inch  diameter 
unduly  limit  the  dischai^  through  the  plates,  are  liable  to  choke,  ^d  that  there  is 
no  advantage  whatever  to  be  gainei^l  by  their  use.  The  discharge  through  seven- 
sixteenths  inch  holes  is  sufficient  in  amount,  and  the  fine  shingle  particles  which 
pass  through  with  the  sancls  and  seldom  exceed  one-fourth  inch  in  diameter  are  not 
troublesome  in  their  size  and  quantity.  In  fact,  many  consider  that  they  are  of 
benefit  in  keeping  lively  the  sands  on  the  tables.  With  holes  exceeding  seven- 
sixteenths  inch  in  diameter,  the  size  and  quantity  of  small  shingle  become  exces- 
sive, and  the  water  passes  away  so  rapidly  as  to  prevent  material  from  being  carried 
forward  over  the  plates. 

The  above  remarks  are  of  somewhat  genei^al  application  for  the  use  of 
punched  iron  screens  in  any  form  of  undercurrent  where  itis  assumed 
tliat  a  portion  of  the  gold,  including  any  nuggets  which  may  occur, 
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Fk;.  43. — Kulibinkti  sluice  and  inuiemirrHnt  used  in  Siberia. 

has  })een  previously  saved.  In  northern  deposits  where  dredges  have 
been  installed,  as  in  the  Klondike  and  on  Stewart  River,  punched 
iron  screens  used  in  revolving  trommels  have  large  holes,  up  to  1^ 
inches,  ev^en  when  a  tailings  stacker  is  used,  while  the  average  size 
in  Oroville  dredging  practice  is  three-eighths  inch. 

A  screen  installed  in  one  box  of  the  main  sluice  of  a  plant  on  Ophir 
Creek,  Seward  Peninsula,  consisted  of  a  nunfber  of  longitudinally  dis- 
posed round  iron  rods,  acting  as  a  grizzlv,  fitted  above  the  bottom 
of  the  box,  the  gold  being  saved  on  mats  below.  This  box,  which  wae 
placed  at  the  end  of  a  120-foot  sluice,  was  said  to  save  much  fine  gold. 

Tl  hen  it  is  desirable  to  iivtYodue,^  IW  Yv^Wv^le,  of  the  undercurrent. 
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separate  from  the  main  sluice,  the  following  device,  adapted  from  one 
used  in  Siberia,  as  described  by  Mr.  E.  D.  Levat,"  may  be  adopted. 
Its  capacity  is  given  as  172  cubic  yards  per  shift.  The  principle  of 
the  undercurrent  is  hero-introduced,  but  the  discharge,  of  both  coarse 
and  fine,  ii^  to  the  same  heap.  This  contrivance  uses  no  power,  and 
the  method  of  handling  accumulations  of  tailings  will  be  more  expen- 
sive than  in  plants  already  in  use.  Where  the  steam  scraper  is  so 
generally  employed,  however,  as  in  the  Klondike  for  handling  tail- 
ings, the  innovation  of  the  modified  *'kulibinka"  here  figured  (fig. 
43)  would  not  add  over  5^1,000  to  the  expense  of  installation,  while  the 
efliciency  in  saving,  the  values  would  be  greatly  increased. 

It  has  been  shown  that  the  Klondike  sluice  generally  necessitates  a 
man  forking.  The  object  of  this  forking  is  to  take  out  the  stones, 
from  6  to  18  inches  in  diameter,  after  their  surface  is  washed. 
Mechanical  devices  for  accomplishing  this  would  be  advantageous. 
Experience  with  gold  dredges  has  proved  that  the  revolving  screen  or 
trommel,  inside  of  which  play  powerful  jets  of  water,  accomplishes 
this  screening  process  most  successfully.  The  trommel  is,  however, 
expensive,  and  its  various  parts  and  castings  must  be  speciallv  made 
at  elaboratelv  equipped  works.  Therefore  it  is  worth  while  to  con- 
sider whether  simpler  and  cheaper  devices  will  not  accomplish  nearly 
as  good  results  for  the  Alaskan  miner. 

A  plant  to  accomplish  good  washing  results  with  sticky  clay  and 
gravel,  and  which  can  be  built  of  materials  at  hand,  is  shown  in  fig. 
44.  This  type  of  plant,  founded  on  the  idea  of  the  Siberian  pan,  has 
a  capacity  of  from  100  to  200  cubic  yards  in  ten  hours,  and  can  be 
built  in  the  winter  months.  Assuming  that,  steam  power  is  already  at 
hand,  it  requires  no  outside  material  beyond  the  iron  shoes  and  simple 
castings  and  the  punched  steel  plate  which  forms  the  floor  of  the  pan. 
Its  operation  will  require  10  horsepower,  and  if  the  material  is  con- 
veyed to  it  by  the  self-dumping  carrier,  the  services  of  two  men  are 
sufficient  to  take  care  of  the  tailings.  The  machine  will  not  only 
break  up  and  thoroughly  w^ash  clayey  gravel,  but  with  properly 
arranged  tables  below  will  save  the  bulk  of  the  fine  gold  which  has 
been  set  free  from  its  matrix.  The  cost  of  a  pan  of  the  dimensions 
here  figured  will  not  exceed  $2,000,  including  the  tables  and  sluices. 
The  device  for  automatically  clearing  the  bottom  of  the  pan  of  large 
stones  is  not  used  in  Siberia,  where  hand  labor  is  cheap  enough  to 
dispense  with  it,  the  largo  stones  being  periodically  removed  by  the 
lifting  of  gates  in  the  periphery  of  the  pan.  The  amount  of  water 
used  in  such  a  machine  does  not  exceed  ordinarilv  125  miner's  inches. 

The  di-awing  of  this  machine  is  made  diagramatically,  since  the  man- 
ner of  its  construction  will  depend  on  local  conditions.  A  four-armed 
casting,  keyed  to  the  shaft  and  bolted  to  the  horizontal  timl>ers,  is 
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advi-^ble.  An  uaeA  in  remote  distrivts  in  Siberia,  the  centisl  abaft  is 
frequently  a  wooden  beam,  and  instead  of  tbe  iron  shoeii,  heavy  stooes 
dragf^  with  chains,  as  in  the  arisstre,  may  supplant  them. 

The  above  Huggestions  are  made  with  refeiwice  to  working  tbe  rich 
jjravels  of  the  shallow  northern  placers.  Gravel  coatainin|f  leas  than 
m  to  the  cubic  yard  is  rarely  worked  by  the  method  of  the  caUe  and 
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Fm.  -14.— Modi  fled  Sibf  ri»n  pan  liir  handling  olMyey  gmv*!, 

travpliiifj  bucket.  Ijack  of  njitunil  jjrado  miike^  Jt  necessary  that  the 
miner  shall  elevate.  hU  mati'riiil,  and  the  impossibility  of  getting  water 
under  head  makes  the  use  of  steam  power  imperative.  The  point  is 
that  when  .such  elevation  \»  attained,  it  tihould  he  made  available  to 
thoroughly  wash  the  gravel.  At  present  this  is  not  done.  Perhaps 
the  suggestions  here  offered  may  be  of  benefit  to  some  operators. 
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In  the  construction  of  washing  plants  of  a  larger  and  more  expen- 
sive kind,  the  operator  has  the  benefit  of  the  experience  developed  in 
gold  dredging.  This  now  rather  important  industry  has  brought  into 
senace  devices  for  gold  saving,  in  the  use  of  which  one  of  the  main 
objects  is  to  utilize  to  the  best  advantage  all  available  vertical  and 
areal  8pace. 

The  employment  of  large  mechanical  excavators  for  placer  mining 
has  a  field  in  the  Northwest.  Such  operations  necessitate  one  or  more 
permanent  washing  plants  to  receive  the  gravel  from  each  machine. 
It  has  been  demonstrated  that  the  dredge  is  the  only  form  of  exca- 
vator which  can  economically  transport  its  sluices  as  it  moves. 
Therefore  a  plant,  situated  as  safely  as  possible  with  reference  to 
danger  from  floods,  and  economically  with  reference  to  tramway, 
dump,  and  water  supply,  must  be  constructed  frequently  at  a  consid- 
erable expense. 

The  shaking  screen,  although  it  has  received  a  thorough  trial  on 
gold  dredges,  does  not  find  as  much  favor  as  the  trommel.  It  is  not 
impossible  that  modifications  of  the  principle  of  the  shaking  screen 
and  of  the  shaking  table  may  be  developed  which  will  act  more  effi- 
ciently in  saving  gold  than  the  trommel.  Mr.  F^lix  Francois  ^  has 
recently  figured  and  described  a  •"  shaking  sluice-box  "  system  of  gold 
saving,  for  installation  either  in  stationary  washing  plants  or  in 
dredges.  He  claims  a  very  high  percentage  of  saving,  and  as  addi- 
tional advantages  the  elimination  of  the  use  of  quicksilver  and  the 
employment  of  a  small  amount  of  water.  He  does  not  give  the  cost 
of  the  plant,  however,  nor  any  actual  results  of  its  operation  in  practice. 
.The  use  of  the  trommel  in  a  stationary  washing  plant  is  illustrated 
in  PI.  XII,  A  (p.  80),  a  plant  erected  in  the  Klondike  in  connection 
with  a  steam  shovel  and  incline  operation.  A  short  description  of 
this  plant  is  appended,  but  it  should  be  understood  that  for  the  average 
miner  the  installation  of  such  a  plant  is  impracticable  on  account  of 
first  expense  and  the  difficulty  of  getting  the  complicated  machinery. 
The  plant  used  125  miner's  inches  of  water,  led  b}'  a  ditch  from  Bear 
Creek;  the  capacity  was  said  to  be  500  cubic  yards  in  ten  hours.  The 
material  elevated  to  the  platform  at  the  upper  end  of  the  trommel  was 
dumped  into  a  hopper  feeding  the  trommel.  The  water  was  led  into 
the  lower  end  of  the  trommel  and  fed  through  a  perforated  pipe.  The 
largest  holes  in  the  revolving  screen  were  1  inch  in  diameter,  and  all 
oversizes  passed  through  and  into  the  hopper  below  the  lower  end, 
whence  the  tailings  were  hoisted  in  a  self -dumping  carrier,  on  a  cable, 
for  a  horizontal  distance  of  200  feet  and  a  vertical  distance  of  60  feet. 
The  fines  passed  over  80  square  feet  of  riffle  tables,  floored  with 
expanded  metal  and  cocoa  matting,  on  a  grade  of  12  inches  to  12  feet, 
followed  by  sluices  with  iron  Hungarian  riffles.     PI.  XII,  B^  shows  the 

a  Bull.  Soc.  de  Tindustrie  min^rale,  yol.  8, 1804,  p.  786. 
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expanded-metal  form  of  riffle  table,  which  has  given  good  satisfaction. 
The  f-nes  were,  after  passing  out  of  the  96  feet  of  sluice  boxes  follow- 
ing the  tables,  elevated  by  a  steam  scraper  to  a  pile  200  feet  distant 
and  15  feet  high.  The  expense  of  installation  of  such  a  plant  will  be 
not  less  than  $5,000,  and  will  more  likely  be  $10,000  in  any  part  of  the 
interior  of  Alaska. 

In  arranging  a  number  of  gold-saving  tables  to  receive  the  discharge 
from  a  screen,  great  care  should  be  taken  to  distribute  the  material 
equally  to  these  tables,  so  that  the  duty  of  each  may  be  the  same. 
This  in  the  best  Oroville  practice  is  done  by  leading  a  small  sluice 
trough  from  the  main  receiving  sluice  beneath  the  screen  to  each  of 
the  tables.  In  case  of  a  second  sizing,  as  in  the  Atlin  dredge  described 
below,  the  distribution  is  necessarily  accomplished  by  a  series  of  griz- 
zlies in  the  main  sluice.  If  small  ducts  or  troughs  are  used,  they 
should  be  provided  with  gates,  the  whole  made  of  wood,  like  those 
used  for  distributing  the  pulp  to  the  tables  in  concentrating  mills. 
The  attempt  to  distribute  the  fines  directly  from  the  trommel  by  means 
of  iron  gates  is  considered  less  satisfactory. 

Riffles  for  the  saving  of  fine  gold  in  sluices  are  of  many  kinds  and 
are  of  very  ancient  origin.     Humboldt  (Asie  Centrale)  refers  to  the 
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Fig.  4o.— Pole  riffle  fitted  with  knives  for  breaking  rlay. 

method  in  u.se  of  working  the  placers  of  Colchis — that  of  employing 
wool  in  the  sluices — as  a  possible  explanation  of  the  legend  of  the 
"Golden  Fleece."  It  was  in  fact  known  that  the  kings  of  Imeret  in 
the  eighteenth  century  used  wool  for  collecting  gold  in  Tskinitskali 
and  Abacha  rivers  in  the  Caucasus,  while  Turkish  gypsies  use  goat^ikin 
for  gold  saving  on  Belichta  River. 

The  pole  riffle  made  of  saplings,  with  or  without  strap  iron  nailed 
to  the  top,  has  long  been  in  favor  in  small  placer  operations  in  the 
United  SUites,  and  is  to-daj^  employed  in  the  primitive  shoveling- in 
operations  throughout  the  northern  territory.  An  improvement  on 
this  riffle,  simply  made,  aiding  in  the  disintegration  of  clay,  was  seen 
by  Mr.  Frank  L.  Hcvss  in  the  liampart  district  of  Alaska,  and  a  sketch 
furnished  by  him  is  shown  in  fig.  45.  Small  squares  of  sheet  iron 
one-sixteenth  inch  by  2  bv  2  inches  are  driven  cornerwise  into  the 
poles. 

A  development  from  the  wooden  pole  riffle  is  the  iron  or  steel  rail, 
laid  longitudinally  in  the  sluice  l)ox.  One  type  of  rail  riffle  used  in 
Seward  Peninsula  is  shown  in  fig.  32.  It  will  be  noted  that  the  T 
lies  with  its  horizontal  extension  uppermost,  that  the  rails  are  joined 


PUBINOTDK.]  SLUICES    AND  GOLD-SAVING    Al>PLlAN0E8.  201 

in  gangs  of  four,  and  that  a  locking  device  is  employed  to  prevent  the 
gangs  from  coming  up.  Rail  riffles  of  this  kind  are  primarily  intended 
for  hydraulic  operations  and  give  excellent  satisfaction,  but  can  be 
recommended  for  creek  placers  only  where  the  capacity  warrants 
expensive  installation. 

At  the  present  day  the  saving  of  fine  gold  is  receiving  marked 
attention  on  gold  dredges,  as  the  product  of  these  machines  frequently 
consists  largely  of  gold  in  an  exceedingly  fine  state  of  division. 
Fig.  42  and  PI.  XXXVll,  B^  represent  a  sluice  table  now  in  use  at 
Oroville,  Cal.  The  grade  of  the  table  on  the  dredge  at  Atlin,  British 
Columbia,  is  12  per  cent,  corresponding  nearly  to  18  inches  to  12  feet. 
These  tables  are  set  transversely  beneath  the  main  sluice,  which  is  fed 
directly  from  the  trommel,  the  main  sluice  having  a  grade  of  12  inches 
to  12  feet.  The  quicksilver  charge  of  the  sluice  and  table  is  200  pounds. 
The  largest  material  passing  over  the  sluice  is  4  inches  in  diameter, 
while  grizzlies  do  not  permit  over  i-inch  sizes  to  go  over  the  undercur- 
rent tables.  The  total  area  of  sluices  and  tables  is  from  600  to  1,000 
square  feet,  from  500  to  700  miner's  inches  of  water  being  used  for  an 
amount  of  material  which  will  probably  average  1,500  cubic  yards  per 
twenty-four  hours. 

The  type  of  riffle  here  figured  is  used  extensively  at  Oroville  at 
present.  It  is  stated  by  one  of  the  operators  who  has  experimented 
with  the  gold  in  that  field,  that  from  15  to  20  per  cent  of  the  gold 
recovered  with  quicksilver,  using  this  riffle,  will  pass  150-mesh  sieve. 

The  expanded  metal  and  cocoa  matting  riffle  is  also  used  with  suc- 
cess at  Oroville. 

The  Oroville  gold  contains  a  much  larger  proportion  of  fine  colors 
than  the  northern  fields.  From  the  undercurrent  sample  of  Klondike 
gold  above  described,  assuming  that  this  represents  5  per  cent  of  the 
total  recovery,  screening  tests  appear  to  indicate  that  under  1  per 
cent  of  the  Klondike  gold,  and  under  2  per  cent  of  the  Fairbanks 
Creek  gold,  will  pass  150  mesh. 

The  fineness  of  the  gold  on  Sulphur  Creek  is  shown  by  the  table 
below: 

Fineness  of  gold  from  Sulphur  Creek. 
Mesb.  Per  eent. 

Under  150 10 

150-100 60 

100-80 20 

80-60 10 

Moreover,  the  gold,  whatever  \ts  fineness  of  division,  is  generally 
round  and  shot-like  and  not  flaky.  Under  such  conditions,  in  view  of 
the  Oroville  experience,  losses  such  as  undoubtedly  occur  in  the 
northern  practice  are  inexcusable. 

The  riffle  shown  in  fig.  46  is  designed  to  hold  a  divided  sheet  of 
quicksilver.     Another  form  is  made  by  boring  l^-inch  augur  holes  to 
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the  depth  of  one-half  inch.  Some  operators  claim  that  a  recurring 
quick  jar  imparted  to  the  fine  gold  tables  by  means  of  an  eccentric  or 
other  device  aids  the  saving  of  the  gold.  The  efficiency  of  this  prin- 
ciple is  questionable. 


K 


2  feet    

Fig.  46.— Riffle  to  hold  divided  sheet  of  quicksilTer. 


On  the  Snowtlake  claim,  a  bench  claim,  worked  by  drifting,  situated 
between  Anvil  and  Dexter  creeks,  much' of  the  gold  sluiced  from  the 
winter  dump  was  porous,  occurring  in  lumps  one  thirty-second  to  one- 
fourth  inch  in  diameter,  resembling  dentist's  gold.  A  peculiar  riffle 
shown  in  fig.  47  was  devised,  consisting  of  sawn  blocks  nailed  to  riffle 
strips. 
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j^  inches 


Fuj.  47. — Specijil  block  riffle  for  saving  porous  gold. 

This  riffle  used  in  14-iiich  boxes,  on  8-inch  grade,  with  50  miners 
inches  of  water,  was  said  to  be  the  only  one  of  many  tried  which  would 
catch  this  gold. 
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Fig.  48  shows  an  excellent  iron  riffle  used  in  the  smaller  sluices  of 
Seward  Peninsula  for  saving  gold  of  average  fineness.  The  castings 
are  light,  can  be  easily  handled,  and  can  be  set  in  the  sluices  so  that 
the  long  dimension  of  the  slots  lies  either  tmnsvorsely  or  longitudi- 
nally.    The  longitudinal  arrangement  has  been  found  to  be  the  better. 

The  use  of  quicksilvered  copper  plates  is  not  likely  to  give  increased 
saving  in  Alaska  placer  operations.  Blankets,  mats,  or  other  fabrics 
are  not  generally  used  on  account  of  their  expense. 

Mr.  H.  W.  Young  <"  has  designed  for  the  Waiwhero  Sluicing  Com- 
pany, of  New  Zealand,  a  fonn  of  apparatus  for  the  saving  of  fine 
gold  which  is  used  in  New  Zealand  beach  deposits  where  the  gold 
is  accompanied  by  an  ^excessive  * 

amount  of  black  sand.     A  few  of    dJi J I 

f"  »p — -— — — - — -- — If. — - — 

Mr.  Young'fe  remarks  are  here        '  '  ' "  — 

quoted: 

The  modern  fine  gqld  washing  plant, 
as  used  on  the  West  Coast,  consists  of 
three  main  essential  parts.  The  first  is 
the  hopper  box  with  stone  shoot,  which 
receives  the  water  and  gravels  from  the 
tailrace  connecting  with  the  sluicing 
face,  and  separates  the  stones  and  shin- 
gles from  the  water  and  sands.  The 
second  comprises  the  **8and  box"  or 
''boil  box,"  with  its  dischaige  ducts 
and  other  accessories,  intermediate  be- 
tween the  hopper  and  the  tables.  The 
third  comprises  the  washing  tables  and 
their  accessories.  The  three  essential 
parts  deal  with  the  stuff  from  the  face, 
and  reduce  it  to  concentrated  gold  and 
heavy  sand  ready  for  amalgamation. 

The  introduction  of  a  sand  box  or  agitation  box,  in  which  the  mate- 
rial is  kept  in  agitation  by  being  made  to  pass  over  and  under  a  system 
of  baffle  boards  before  passing  to  the  tables,  as  described  by  Mr. 
Young,  is  of  obvious  advantage  in  connection  with  the  plant  described. 
The  principle  will  undoubtedly  be  of  use  in  some  of  the  washing  plants 
of  Alaska,  as  it  provides  a  moderate  stirring  action  without  the  use  of 
mechanical  power.  The  quantity  of  water  economical  for  such  a  plant 
as  the  one  described,  with  material  screened  to  seven  sixteenths  inch 
size  on  tables  with  a  grade  of  12  inches  to  12  feet,  is  in  the  proportion 
of  40  miner's  inches  to  each  10  feet  of  width  of  table.  As  at  Oroville, 
the  value  of  separate  ducts  from  the  feeding  or  sand  box  to  each  table 
has  been  proved. 

The  clearing  of  the  gold  from  the  accompanying  mine'rals  of  high 
specific  gravity  is  often  difficult.     In  the  creek  workings  on  Bonanza 


6  inches 


Fio.  48.~Iron-grate  rifBe,  Seward  Peninsula. 


a  Report  of  the  New  Zealand  Minister  of  Mines,  1902,  p.  20. 
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Creek,  Klondike,  for  example,  of  the  total  weight  of  gravel  handled,  1 
per  cent  of  black  sand,  mostly  magnetite,  is  caught  with  the  gold  in 
the  clean-up.  In  American  Creek,  Alaska,  the  clean-ups  are  impeded 
by  the  presence  of  large  quantities  of  Imrite  pebbles.  In  the  Fair- 
banks district  red  garnets  and  r utile,  in  some  cases  in  quantity  up  to 
one-third  of  1  per  cent  of  the  total  material  washed,  are  caught  with 
the  gold.  In  the  Birch  Creek  district  there  is  enough  rutile  in  the 
auriferous  sand  to  cause  trouble  in  the  clean-up.  In  Seward  Penin- 
sula the  magnetite  is  in  comparatively  small  amount.  Garnets  occur 
in  the  creek  diggings  up  to  5  pounds  to  the  cubic  yard  of  gravel.  In 
the  beach  and  so-called  ^Hundra''  gold  sands  of  the  coastal  plain  from 
3  per  cent  up  to  as  highms  61  per  cent  of  garnets  occur.** 

The  use  of  quicksilver  in  the  northern  operations  of  America  is  lim- 
ited. Even  allowing  for  the  extra  expense  and  time  consumed  in  the 
use  and  recovery  of  quicksilver,  it  is  surprising  that  this  important 
agency  for  saving  fine  gold  is  not  more  generally  employed.  It  has 
been  shown  that  the  proportion  of  tine  gold  in  the  interior  fields  is 
large.  The  neglect  to  use  quicksilver  in  attempting  to  save  such  gold 
can  be  considered  only  as  a  penny-wise-pound-foolish  policy.  It  is 
needless  to  say  that  in  all  of  the  appliances  above  suggested  for  the 
saving  of  fine  gold  the  use  of  quicksilver  is  imperative.  Carelessness 
in  the  use  of  quicksilver,  however,  may  result  in  increasing  rather  than 
diminishing  the  loss  of  fine  gold.  According  to  Bowie,*  float  quick- 
silver containing  microscopic  gold  particles  has  been  taken  from  the 
surface  of  the  water  20  miles  from  the  place  where  the  amalgam  entered 
the  stream.  A  single  flask  of  quicksilver  is  ample  for  the  needs  of  the 
average  creek  operation  of  the  Klondike  or  interior  Alaska,  and  even 
with  wasteful  handling  would  last  a  season. 

Whether  quicksilver  is  used  or  not,  it  will  be  found  advantageous  to 
get  the  gold  and  amalgam  as  clean  as  possible  on  the  floor  of  the  sluices 
or  tal)les  l)efore  removing  the  valuable  product.  The  comparatively 
small  amount  of  heavy  coucentnites  accompanying  the  creek  gold  of 
Seward  Peninsula  makes  this  possible  in  the  frequent  clean-ups  of 
the  tailrace.  Skillful  manipulation  will  accomplish  the  same  result 
in  the  interior  except  where  excessive  quantities  of  magnetite  occur. 
In  one  case  on  Bonanza  Creek,  Klondike,  the  fine  concentrates  which 
could  not  be  n^moved  with  the  magnetite  after  drying  were  skillfully 
separated  hy  dry-panning. 

Black  sand  or  other  concentnites  have  occasionallv  been  found  rich 
enough  to  pay  for  sacking  and  shipping  to  smelters  after  cleaning. 
Exaggerated  reports  of  high  assays  in  gold  obtained  from  black  sand 
fnMjuently  find  credenc(».     Nevertheless,   whenever  this   concentrate 

i'Hr«M)ks,  A.  U.,  MeiKl«Milmll.  W.  C,  Collier.  A.  .1.,  jiiui  Richardnon,  (.}.  B..  Reconnaissances  in  the 
Capo  Nome  »in«l  Norton  Buy  rogions,  Ala^sku.  in  IIKX).  l*.  S.  Geol.  Snn'ev,  1901,  p.  87. 
^  A  Practical  Treatise  on  Hydraulic  Mining  in  California,  1885,  p.  244. 
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accumulates  in  the  sluices  or  tables  in  any  considerable  amount,  it 
should  be  sampled  and  assayed  to  ascertain  the  amount  of  finely 
divided  gold  which  still  remains  in  it. 

CliEANIXG,  RETORTING,  AND  MEIiTING. 

If  amalgam  is  to  be  treated,  it  should  be  well  stirred,  either  in 
buckets  or  large  porcelain  mortars,  and  the  base  material — sand,  scraps 
of  iron,  etc. — which  comes  to  the  surface  should  be  skimmed  off. 

This  residue  (which  holds  considerable  amalgam)  is  concentrated  by  washing  in 
pans  or  rockers,  and  the  concentrations  ground  in  iron  (or  porcelain)  mortars  and 
treateii  with  more  quicksilver.  Any  base  material  which  floats  on  the  surface  of  the 
bath  is  melted  by  itself  to  a  base  bullion.  The  remainder  is  added  to  the  fine  amal- 
gam. The  amalgam  is  strained  from  the  quicksilver  through  drilling,  and  the  dry 
amalgam  is  retorted  in  iron  retorts." 

In  cleaning  the  placer  gold,  when  no  quicksilver  is  used,  a  magnet 
inside  a  cotton  sack  passed  through  the  dust  will  remove  all  the  mag- 
netite. Minerals  of  high  specific  gravity  not  attractable  by  the  mag- 
net are  not  easil}'  removed  by  mechanical  me^ns.  Rutile,  garnets,  and 
ilmenite  are  examples  of  these  occurring  in  Alaska.  In  small  opera- 
tions the  gold  dust  is  roughly  cleaned  from  these  minerals  by  blowing 
and  dry-panning.  Where  the  amount  of  gold  is  considerable,  a  melt- 
ing plant  is  advisable.  In  retorting  amalgam,  small  hand  retorts  will 
in  general  be  found  adequate. 

Before  the  amalgam  is  put  in  the  retort  the  interior  is  coated  with  a  thin  wash  of 
clay,  whi(!h  prevents  the  amalgam  from  adhering  to  the  iron. 

The  amalgam  should  be  (arefuUy  introduced  and  evenly  spread.  The  iron  pipe 
which  connects  the  back  end  of  the  retort  with  the  condenser  must  be  (rlear  of  all 
obstructions,  and  under  no  circumstances  should  the  amalgam  be  spread  so  that  the 
pipe  can  possibly  become  choked,  as  in  that  case  an  exploMon  would  probably  ensue. 

To  avoid  any  danger  arising  from  this  source  after  the  cover  has  been  put  on,  lined 
with  either  clay  or  a  mixture  of  clay  and  wood  ashes,  and  sei.'urely  clamped,  the  fire 
is  lighted  and  the  heat  gradually  raised,  a  dark-red  heat  being  all  that  is  necessary 
to  thoroughly  volatilize  the  quicksilver.  Toward  the  end  of  the  operation  the  heat 
is  raised  to  a  cherry-red  color,  at  which  it  is  kept  until  distillation  ceases.  The 
retort  is  allowed  gradually  to  cool,  and  when  col<I  is  opened. '^ 

A  stream  of  cold  water  should  be  always  flowing  through  the  jacket 
which  incloses  the  condensing  pipe,  so  that  by  no  possibility  can  mer- 
curial vapor  pass  into  the  receiving  vessel  in  which  the  lower  end  of 
the  pipe  terminates.  The  discharge  end  of  the  pipe  should  be  kept 
under  water  during  the  retorting  operation. 

When  gold  accumulates  in  sufficient  quantities  to  make  the  shipment 
of  the  dust  inconvenient,  the  metal  may  be  melted  on  the  ground  and 
molded  into  bricks.  Both  for  convenience  of  shipment  and  facility 
in  guarding  against  losses,  this  practice  is  to  be  recommended.  A 
brief  description  of  the  essential  features  of  this  work  follows. 

aBowle,  op.  dt.,  p.  249.  b  Bowie,  op.  cit. 
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In  melting,  a  gasoline  2-jet  furnace  may  be  u»ed.  Gasoline  under 
a  pressure  of  30  pounds  enters  a  heating  coil  attached  to  the  burner. 
The  heating  coil  is  so  arranged  and  fed  that  liquid  gasoline  burning  on 
the  outside  of  the  main  feed  vaporizes  the  gasoline  which  is  used 
within  the  furnace.  With  the  30  pounds  pressure  used  a  very  hot 
flame  is  the  result.  The  gasoline  supply  should  be  stoi'ed  without  the 
building  and  brought  in  through  pipes,  so  as  to  reduce  the  danger  of 
explosion.  An  air  barrel  connected  with  the  supplj"^  line  and  supplied 
with  a  small  hand  pump  sei*ves  to  keep  the  gasoline  pressure  as  high 
as  may  be  necessary.  The  furnace  is  made  of  sheet  iron  and  lined  with 
tire  brick.  A  cover  of  asbastos  and  iron  serves  to  retain  heat.  This 
should  be  so  constructed  as  to  allow  the  bolting  on  of  new  iron  plates, 
as  they  burn  off  with  the  great  heat  generated.  The  operator  should 
be  supplied  with  asbestos  gloves. 

Crucibles  are  of  various  sizes.  A  No.  30  crucible,  costing  between 
$2  and  $2.50,  wmII  hold  from  900  to  1,000  ounces  of  impure  gold  or 
bullion  with  the  necessary  fluxing  charge.  They  are  composed  of  a 
mixture  of  fine  clay  and  graphite,  and  to  prevent  breaking  certain 
precautions  should  be  observed.  A  new  ciiicible  should  stand  near 
the  furnace,  at  least  during  two  melts,  and  when  first  used  should  be 
heated  gently.  This  precaution  is  not  necessary  when  a  crucible  has 
once  been  used.  After  a  crucible  has  been  used  five  or  six  times  it  can 
not  be  depended  on  and  it  would  be  economy  to  discard  it,  as  breaking 
during  a  melt  i.s  a  source  of  great  inconvenience  and  loss  of  time. 

It  is  necessary  to  have  an  iron  table  neai*  the  furnace,  uj)on  which 
can  be  placed  gold  pans,  shovels,  tongs,  etc. 

Before  the  gold  is  pla<*ed  in  the  crucible  it  should  l)e  ac^rurately 
weighed  and  cleaned  with  a  magnet,  as  above  descriVied. 

In  melting  lUH)  to  l,(MH)  ounces,  three-fourths  of  a  pound  of  l>orax 
should  first  be  melted  in  the  crucible  as  a  flux.  After  the  dust  Ls 
poured  in,  one-fourth  pound  of  soda  with  one-half  pound  of  borax 
should  be  placed  on  top.  The  soda  unites  with  the  silica  of  the  sand, 
but  in  perfectly  clean  gold  is  not  needed.  The  borax  unites  with  the 
iron  occurring  with  the  gold.  When  the  dust  is  mixed  with  consider- 
able iron  pyrite  it  is  well  to  add  a  small  quantity  of  scrap  iron.  This, 
in  uniting  with  the  sulphur,  forms  iron  sulphide,  which  comes  off  in 
the  slag.  If  this  precaution  be  not  taken  a  hard  matte,  very  diflScult 
to  remove,  forms  upoji  the  brick. 

During  the  melt  it  is  necessary  sevei^al  times  to  skim  the  slag  from  the 
gold.  A  special  instrument  is  used  for  this  purpose,  essentially  a  long 
rod  bearing  at  its  lower  end  an  enlargement  to  which  the  slag  will  stick. 
After  gathering  a  small  (juimtity  uj^on  the  skimmer  it  is  brought 
out,  and  by  rolling  on  the  iron  table  is  made  into  a  smooth,  disk- 
shapi^d  mass  upon  the  end  of  the  rod.  This  operation  is  continued 
until  the  slag  collected  upon  the  skimmer  becomes  unwieldy,  when  it 
is  cooJed  by  plunging  it  \w  w^Xa^t  vxv\i\.  X^toV^w  o^,    ^V^\^^<i  ^^^'^ 
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reached  it  may  be  readily  detected  by  its  greater  weight.  A  second 
flux  of  borax  alone  is  then  added,  and  when  this  has  melted  the 
product  is  ready  for  pouring. 

A  small  crane  to  lift  the  ci*ucible  from  the  furnace  and  to  pour  the 
gold  into  the  mold  should  be  rigged  overhead.  Special  tongs  for  lift- 
ing the  crucible  are  made. 

Though  the  mold  should  not  be  heated  too  much,  it  should  always 
be  raised  to  such  a  temperature  that  oil  will  burn  on  contact  with  it. 

On  removing  the  bullion  brick  from  the  mold  it  is  placed  in  a  pickle 
of  three  to  four  parts  of  water  to  one  of  nitric  acid,  which  serves  to 
clean  the  gold  of  suriicial  deposit.  By  using  a  hammer  and  a  b^eel 
slag  brush  the  brick  is  made  ready  for  shipment. 

FINENESS  OF  GOLD. 

The  following  table  shows  the  fineness  of  Alaskan  gold: 

Table  13. — Fineness  of  gold  by  districts  and  treeks. 


IMiitrict. 

Finenem. 

Authority. 

Juneau: 

Gold  Creek 

/Vr  ounce. 
$17.50 
17.50 

14.00 

« 

IH.SO 
17.20 

18.71 

18.87 

18.41 
18.47 
17.80 

17.34 
14.80 

16. 43 

15.  a5 
16.50 
,         17.31 
16.23 
16.00 

15.28 

Operator. 
Do. 

Winilfall  Creek 

Lemon  Creek 

Do. 

Porcupine: 

MoKinley  Creek 

Meml)erH  U.  8.  ( Geological  Survey. 
Do. 

Porcupine  Creek 

Nizina: 

Chittitu  Creek 

()l)erator. 
Do. 

Dan  Creek 

Chisna: 

Miller  Gulch 

Do. 

Slate  Creek 

Do. 

Head  watera  of  C/opper  Ri  ver 
Bnnrise: 

Sixmile  Creek 

Do. 

Menilx*rH  U.  S.  (leologrical  Survey. 
Do. 

Crow  Creek 

Atlin: 

Pine  Creek 

Operator. 
Do. 

Willow  Creek 

Spruce  Creek 

McKee  Creek 

Do. 
Do. 

Birch  Creek 

Do. 

Gold  Run 

Do. 

Klondike: 

Bonanza  Creek: 

(a)  High  bench 

lb)Ci^k ,,„ 

Bank  British  North  America, 
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Dlrtrtet. 


K  lond  ike — Continaed. 
Hunker  Creek: 

[a)  Bench  

(4)  Creek 

Dominion  Creek 

Gold  Run 

gaiphur  Creek 

Bear  Creek 

Last  Chance  Creek: 

(u)  Bench 

(6)  Creek 

Forty  mile; 

\Vade  Creek 

Walker  Fork 

Chicken  Creek 

Stone  House  Fork... 

Irene  Gnlch 

Fjiglei 

American  Creek 


MiB! 


Circle  .liatrict: 

DfadwoiHl  Creek 

Mastodon  Creek . 

Maiiiinolh  I'reek 

MilltT  Creek _.. 

Eagle  Creek __ 

Masltidoii  Fork 

W<iodchupi>er  Creek  . 
Fairbanki:: 

Fairbanks  Creek 

CI  eury  Creek 

Pedni  Creek 

Chatham  Creek 


lwin{'reek__ 

Ham  part: 

Little  Minook  Creek 

Little  Minook,  jr.,  Creek  .. 

Hunter  Creek 

Baker  Creek 

(a)  Bench 

Thankful vinj-  ('reek 

lilen  liulch 

Gold  Bun 


$17. 75 
17.  M 
16.93 
17.53 
16. 4S 
14.61 

14.12 
15.35 

17.72 
18.03 

17.54 
17.40 
17,40 


Bank  British  North  America. 


18.40 
17.60 
18.40 

19.24  ■ 
19.00  ! 
19.00 


Bank  British  North  America. 


Hank  Brilish  North  America, 
( Iperator. 


Bank  British  Xorth  Amerii«. 

Do. 
Operator. 

Bank  British  Nonii  .Vmerica. 
Operator. 

Bank  Britiah  North  America. 
Menihera  U.  S.  Geolc^cal  Survey. 
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Dlitrlot. 


Home: 

Anvil  Creek 

(o)  Bench.. 
(ft)  Creek... 

Glacier  Creek... 

Dexter  Creek  . . 

Dry  Creek 

(o)  Creek  ,. 
(6)  Bench,. 

Beach  diggingB. . 

Highbenchea... 

OrasiGalch.... 

Pelock  Creek  ... 

Hastings  Creek  . 

Basin  Creek 

Bonanza  Gulch  . 
Conncil: 

Ophir  Creek 

Crooked  Cieek.. 

Mystery  Creek.. 


Solomon  River 

Big  Hurrah  Creek 

Port  Clarence: 

Gold  Run  Creek 
(a)  Bench 
(6)  Creek 
Anikovik  River 
Sanset  Creek 

Fairhaven: 
Bear  Creek 
Hannum  Creel 
lumachuk  River 
Candle  Creek 

Kongarok: 
GoU  Run 
Aldo- Greek 
Kongarok  River. 
Homealake  Creek 


Bonk  uf  Cape  Nome. 


'  Bank  of  Cape  Nome. 


Bank  of  Cape  Nome. 


16.49 

18.70 


Memben'  U.  S.  Geoli^ical  Survey. 

Do. 
Bank  of  Cape  Nome. 


BolL 
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liABOB. 

The  following  table  (14)  shows  the  average  wages  paid  for  labor 
in  the  mining  districts  of  Alaska  and  adjacent  Canadian  territory  during 
the  summer  of  1904.  When  the  prices  for  winter  work  were  available 
such  have  been  added.  The  prevailing  wages  have  been  placed  under 
the  names  of  the  districts  as  these  are  generally  known,  it  being 
undei-stood  that  the  name  of  the  nearest  town,  as,  for  example,  Nome, 
stands  for  the  creeks  in  the  vicinity.  Timbermen,  carpenters,  black- 
smiths, and  others  whose  pay  is  generally  higher  than  that  of  ordinary 
laborers  in  the  United  States,  are  rarely  paid  more  in  Alaska.  In  dis- 
tricts where  steam-thawing  methods  are  employed  engineers  include 
pointmen.  Hoistmen  are  not  classed  as  skilled  laborers,  and  where 
special  prices  for  engineers  obtain  the  men  are  usually  in  charge  of 
large  engines  or  pumps. 

Two  shifts  are  worked  on  most  of  the  mines,  especially  in  the  sum- 
mer. In  hydraulic  operations  at  night  only  one-third  or  one-fourth 
as  many  men  are  employed  as  on  the  da}'  shift.  In  steam -thawing 
operations,  where  thawing  is  done  at  night,  one  or  two  pointmen  and 
a  fireman  on  the  night  shift  generally  take  care  of  all  the  thawing, 
which  will  employ  from  10  to  20  men  in  excavating,  tramming,  hoist- 
ing, and  washing  during  the  following  day  shift. 

Ten-hour  shifts  are  the  rule  throughout  the  northern  placer  fields. 
In  large  liydmulic  operations  the  pipemen,  as  in  other  regions, 
genei*ally  work  twelve  hours.  At  only  a  few  places  were  men  seen 
working  an  eight-hour  shift.  At  one  of  these,  where  men  were  shov- 
eling into  sluice  boxes,  it  was  proved  by  actual  measurement  of  the 
ground  that  the  number  of  yards  shoveled  per  shift  per  man  was 
greater  than  on  adjacent  claims  where  ten -hour  shifts  were  in  practice. 
In  one  instance  on  Ophir  Creek,  in  Seward  Peninsula,  two  eleven- 
hour  shifts  were  worked,  the  men  being  paid  50  cents  an  hour  and 
board.  Experience  has  proved  that  the  eight-hour  shift  for  hard 
plwsical  work  is  most  economical  in  the  operations  in  Alaska,  where 
a  large  number  of  men  are  employed  in  shoveling  and  where  every 
moment  of  the  short  season  is  valuable,  and  it  would  seem  that  the 
division  of  labor  into  three  shifts  of  eight  hours  cheapens  rather  than 
increases  the  cost  of  handling  material. 

In  some  of  the  camps  of  Seward  Peninsula  a  hospital  fee  of  ?2 
per  man  per  month  is  charged.  This  gives  the  laborer  the  services  of 
a  competent  physician  in  case  of  sickness.  Alaska  is  a  singularly 
healthy  country  at  all  times  of  the  year,  and,  although  detailed  statis- 
tics are  not  available,  the  proportion  of  deaths  and  illness  to  the  total 
population  would  seem  to  be  remarkably  small. 
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Table  14. — Scale  of  wages  in  Alaskan  campSy  including  Dawson^  Yukon  Territory ^  and 

Atlinj  British  Columbia. 


Juneau 

Chisna 

Nizlna: 

Copper  Creek . . . 

Dan  Creek 

Sunrise 

Porcupine 

Atlin 

Dawson 

Fortymile 

Eagle 

Rampart 

Birch  Creek: 

Deadwood  Creek 
Birch  Creek 


Laborere. 


Fairbanks 


Some  claims  on 
Cleary  Creek. 

Some  claims  on 
Fairbanks 
Creek. 

Nome 

Council 

Solomon 

Kugruk 

Fairhaven 

Port  Clarence 


$3.50  to  $4,  without  board ; 
pipemen,  $5. 

$5  to  $10  a  day;  some 
$12.50;  some  $90  to  $150 
per  month. 


$100  a  month  and  board . 

$7.50  a  day , 

$4  a  day,  no  board 

$3  and  board 


Foremen. 


$5,    without 
board. 


$4  and  board 


$3.50  to  $4.50  and  board; 
$5  to  $6.50,  (pipemen), 
without  boara. 

$3.50  to  $5  and  board; 
winter,  $3  and  board. 

$5  and  board;  $8,  no  board 

$5  and  board 

$5  a  day  and  board 


$10  a  day,  no  board 

$8  a  day,  no  board;  $6  to 
$8  a  day,  no  board,  is 
average. 

$10  a  day,  no  board,  gen- 
eral wages. 


$5  and  board 


$6  and  board 


Summer,  $5  a  day  and 
board;  winter,  $2.50  a 
day  and  board. 

Summer,  $5  a  day  and 
board;  winter,  $3  a  day 
with  board. 

$5  and  board 

$6  a  day  and  board 

$5  and  board;  some  at  $100 
per  month. 

$5  a  day  and  board;  $8 
without  board. 


$14  a  day,  no 
board;  some 
$6 and  board; 
some  $10  and 
board. 


$10  a  day  and 
board. 


$7. 50 and  board. 


Engineen. 


$5  a  day,  with* 
out  board. 


$4  and  board. 


$4    to    $6    and 
board. 


$12,  no  board; 
some  $8  and 
board. 


$180  to  $200  a 
month  and 
board. 
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TIMBER. 

The  areal  distribution  of  timber  in  Alaska  does  not  by  any  means 
coincide  with  that  of  the  placer  gold.  The  South  Coast  region,  in 
which  there  are  extensive  forests,^  does  not  contain  the  most  extensive 
alluvial  gold  deposits.  The  Juneau,  Porcupine,  and  Sunrise  districts 
are  the  only  placer-gold  fields  developed  within  the  area  of  heavy  tim- 
ber. In  these  three  districts  the  large  timber  may  be  taken  advantage 
of  for  local  use.  Under  present  conditions  of  transportation,  however, 
this  coastal  timber  forms  no  more  of  an  asset  in  the  consideration  of 
the  interior  and  the  Seward  Peninsula  placer  fields  than  as  if  it  did 
not  exist. 

Spruce  is  commonly  the  timber  on  which  the  gold  miner  of  the 
interior  has  to  rely.  It  is  very  poor,  both  for  fuel  and  for  lumber, 
and  in  steam-producing  quality  a  cord  is  the  equivalent  of  not  more 
than  700  pounds  of  Pennsylvania  bituminous  coal.  The  diameter  of 
the  spruce  of  the  interior  Yukon  Valley  rarely  exceeds  18  inches,  and 
averages  10  inches.  The  timber  line  varies  from  2,000  to  3,000  feet 
above  the  sea,  and  many  of  the  low- lying  river  valle3''8  are  fairly  well 
forested.  In  the  Tanana  Valley  and  itij  tributaries  near  Fairbanks  is 
found  an  exceptionally  good  growth  of  spruce  timber,  up  to  18  inches 
in  diameter,  while  birch,  aspen,  and  cottonwood  occur  in  less  amount. 

In  the  Fortyniilc  district  spruce  trees  up  to  18  inches  in  diameter 
occur,  l)Ut  in  gencnil  the  growth  does  not  differ  from  that  found  along 
the  Yukon  and  Xanana  bottoms. 

At  the  head  of  the  Tanana  and  White  rivers  the  timber  line  reaches 
3,000  feet,  and  there  is  a  fairly  good  growth  of  spruce,  birch,  aspen, 
and  cottonwood.  The  Kuskokwim  and  Koyukuk  River  valleys  are 
also  timbered  with  spruce. 

The  Sunrise  and  Chisna  districts,  which  are  nearer  to  the  coastal 
strip  than  the  regions  mentioned  above  are  better  supplied  with  tim- 
ber, spruce  from  18  to  24  inches  ])eing  common. 

Those  portions  of  Seward  Peninsula  which  have  attained  importance 
from  a  ])lacer-niining  standpoint  poasess  no  timber  except  stunted 
willows.  All  mining  operations  must  therefore  depend  on  a  foreign 
supply. 

The  prices  for  lumber  in  table  15  are  for  native  or  imported  lumber, 
according  to  the  timber  resources  of  the  district.  In  general  all  the 
interior  camps  make  use  of  the  native  lumber.  One  of  the  difBcultie.s 
experieiu^ed  is  to  get  good  clear  bottom  boards  for  sluice  boxes. 

Sawmills  are  in  operation  at  all  the  principal  centers,  Atlin,  Dawson, 
White  Horse,  and  Fairbanks.     At  Centnil  House  in  the  Birch  Creek 


rtBrcKjkH.  A.  H..  The  geograpliy  ami  geology  of  Alaska:  Prof.  Paper  IT.  S.  Geol.  Survey  No.  —  (in 
preparation),  forestry  map,  PI.  — . 
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district  a  sawmill  was  formerly  in  operation,  but  has  been  abandoned. 
At  Fairbanks,  in  the  summer  of  li)04,  two  sawmills  with  a  total  daily 
capacity  of  25,000  board  feet  were  in  operation. 

Timber  fires  are  frequent  in  the  interior  and  are  sometimes  very 
destructive  in  dry  seasons.  There  being  no  system  of  policing  the 
forests  for  purposes  of  fire  protection,  the  probability  is  that  an 
increasingly  large  amount  of  timber  will,  as  the  population  increases, 
be  annually  destroyed  by  tire. 

COAL. 

Though  there  are  extensive"  coal  fields  in  Alaska,  practically  none 
of  them  have  been  exploited.  Much  of  the  coal  is  of  a  lignitic  charac- 
ter, but  some  very  good  bituminous  coals  have  been  found.  In  the 
South  Coast  province  good  coal  oi^curs  20  miles  from  the  coast  near 
Controller  Bay*  and  in  the  Matanuska  basin <^  50  miles  from  the  head 
of  Cook  Inlet.  Neither  of  these  fields  are  3^et  within  reach  of  trans- 
portation. Lignitic  coals  are  present  at  many  localities  along  the 
Pacific  coast,  but  these,  too,  are  undeveloped. 

In  the  interior  coal  has  been  mined  along  the  Yukon,  but  has  not 
yet  furnished  a  local  fuel  supply.  The  Yukon  ^  coals  include  the  lig- 
nite beds  of  the  upper  river  and  a  better  grade  of  bituminous  coals 
which  outcrop  along  the  Yukon  below  Nulato.  Lignite  coal  has  also 
been  found  along  the  Koyukuk  and  on  the  Cantwell,  a  southern  tribu- 
tary of  the  Tanana.  Though  these  coals  may  in  the  future  furnish  fuel 
for  placer-mining  operations  they  are  an  unknown  factor. 

Lignite  has  been  found  in  the  eastern  part  of  Seward  Peninsula, 
but  its  commercial  value  is  unproved.  A  small  mine  has,  however, 
been  in  operation  in  the  Fairhaven  district  near  Kotzebue  Sound,* 
and  has  found  a  ready  market  for  its  output,  which  is  of  a  lignitic 
character. 

Near  Cape  Lisburne,  200  miles  north  of  Nome,-^  bituminous  coal 
occurs  in  commercial  quantities,  but  has  not  yet  been  mined  to  any 
extent.  It  is  still  an  open  question  whether  it  can  compete  with  the 
imported  coals. 

The  fuel  question  in  Alaska  may  take  a  new  phase  with  the  intro- 
duction of  gas-producing  engines,  for  these  lignites  are  found  to  be 
very  effective  power  producers. 

The  following  brief  statement  concerning  recent  tests  with  the  gas 
producer  at  the  United  States  Geological  Survey  coal-testing  plant, 

aBrooks,A.  H.,  The  coal  resources  of  Alaska:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.8, 
1901,  pp.  615-571. 

ft  Martin,  G.C.  Petroleum  fields  of  Alaska  and  Bering  River  coal  fields:  Bull.  U.S.Oeol.  Survey  No. 
226,  pp.  371-376. 

<;Stoiie,R.  W.,  Cool  resources  of  southwestern  Alaska:  Bull.  U.  8.  Geol.  Survey  No.  250,  pp.  151-171. 

dCoUier,  A.  J.,  The  coal  resources  of  the  Yukon:  Bull.  U.  S.  Geol.  Survey  Nu.  218. 

eMofflt,F.H.,  The  Fairhaven  gold  placers,  Seward  Peninsula.  Alaska:  Bull.  U.S. Geol. Survey  No. 
251,  p.  (P. 

/Conier,  A.  J.,  Coal  flelda  of  the  Cape  Lisburne  region:  Bull.  U.  S.  Geol.  Survey  No.  259^  pp.  172-185. 
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St  Louis,  has  been  courteously  furnished  for  this  report  by  Mr. 
Marius  R.  Campbell: 

The  results  of  tests  made  during  the  past  season  at  the  United  States  Geological 
Survey  coal-testing  plant  at  the  Louisiana  Purchase  Exposition  at  St.  Louis  proved 
conclusively  that  producer  gas  of  such  a  quality  that  it  may  be  used  directly  in  a  gas 
engine  can  be  made  from  bituminous  coals  and  lignites  as  well  as  from  the  highly 
carbonized  fuels,  such  as  anthracite,  coke,  charcoal,  and  wood,  that  alone  have  been 
used  in  the  past  for  this  purpose,  and  strange  as  it  may  appear,  the  lignites  and 
lignitic  coals  have  yielded  better  results  than  those  ordinarily  classed  as  bitominous. 
This  means  that  the  low-grade  coals  of  the  western  half  of  the  United  States  may 
have  a  value  for  the  production  of  power  equal  to  that  of  the  best  West  Virginia 
coal  as  it  is  used  at  the  present  time. 

The  equipment  by  which  these  results  were  obtained  consists  of  a  Taylor  gas  pro- 
ducer with  economizer,  scrubber,  tar  extractor,  purifier,  and  gas  holder,  furnished 
by  R.  D.  Wood  dc  Co.,  of  Philadelphia,  and  a  gas  engine  of  235  B.  H.  P.,  furnished 
by  the  Westinghouse  Machine  Company,  of  Pittsburg.  The  great  difficulty  in  the 
past  in  using  bituminous  coals  in  the  producer  has  been  the  extraction  of  the  tarry 
matter  from  the  gas.  With  the  above  equipment  the  tar  and  sulphur  in  the  gas  is 
almost  completely  removed,  so  that  these  substances  give  little  or  no  trouble  in  the 
gas  engine. 

It  appears,  then,  that  the  interior  must  for  the  present  depend  for 
fuel  on  its  timber  i*esources,  such  as  they  are.  The  camps  of  Seward 
Peninsula  will  probably  adopt  crude  oil  as  the  most  economical  fuel  if 
the  price  can  be  brought  down  t6  $2  a  barrel  delivered  at  Nome.  There 
appears  to  be  a  need  at  Nome  and  some  of  the  other  large  camps  of  an 
oil-tank  and  pipe-line  system  by  which  the  oil  can  be  cheaply  trans- 
ferred from  steamers,  stored,  and  pumped  to  the  various  producing 
creeks  adjacent  to  the  coast.  The  native  spruce  timber  will  afford  a 
fuel  supply  to  the  region  east  of  Niukluk  River,  if  gold  discoveries 
are  made  there. 

For  any  of  the  camps  in  the  South  Coast  region  there  is  an  abun- 
dant supply  of  fuel,  as  wood  may  be  had  for  the  cutting,  and  coal  can 
be  had  at  a  comparatively  low  cost. 
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Table  15. — Cdst  of  firewood  and  flume  lumber  in  Alaskan  campsy  including  Daw9on, 

Yukon  Territory f  and  Ailing  British  Columbia. 


Lumber  per  M, 

planed  on  one  side 

unless  otherwise 

stated. 


Juneau  district: 

Windfall  Creek 

Gold  Creek 

Chifina  district: 

Headwaters  of  Copper  River 

Slate  Creek 

Daisy  Creek 

Nizina  district: 

Chititu  Creek 

Copper  Creek 

Dan  Creek 

Sunrise  district: 

Crow  Creek 

Resurrection  Creek 

Porcupine  district: 

Porcupine  Creek 

McKinley  and  McCoon  creeks 

Atlin  district: 

Pine  Creek 

Boulder  Creek 

Spruce  Creek 

McKee  Creek 

Birch  Creek 

Dawson  district: 

Bonanza  Creek |  Spruce  wood,  $15  cord. . 

I 

Eldorado  Creek 

Gold  Run ,  Spruce  wckxI,  $9  cord. . . 

Sulphur  Creek |  Spnice  wfK>d,  $9.50  cord . 


Spruce  wood,  $7  cord 


Upper  Dominion  Creek 

Hunker  Creek 

Forty  mile  district: 

Wade  Creek 

Walker  Fork 

Chicken  Creek 

Eagle  district: 

American  Creek 

Discovery  Fork 

Rampart  district: 

Gold  Ron  Creek 


Spru<'e  wood, $1 1.50  cord 
Spruce  wood,  $11  cord. . 


$10.00 
12. 50-15. 00 

150.00 
150.00 
150.00 

100.00 
150.00 
150.00 

25. 00-35. 00 
25.00 

20.00 
50.00 

40. 00^50. 00 


40. 00-50. 00 
35. 00-40. 00 
35. 00-40. 00 

70. 00-90. 00 

70. 00-100. 00 
80.00 


60. 00-90. 00 

«  175. 00 

« 100. 00 

200. 00-250. 00 


a  75. 00 


12a  00 


a  Rough. 
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Table  15. — Cost  of  firewood  and  flume  lumber  in  Akukan  camp$,  etc, — Continued. 


Circle  district: 

Deadwood  Creek 

Independence  Creek. 

Mastodon  Creek 

Mammoth  Creek 

Eagle  Creek 

Miller  Creek 

Woodchopper  Creek. 
Fairbanks  district: 

Fairbanks  Creek 

Cleary  Creek 

Chatham  Creek 

Pe<iro  Creek 

Gold  Stream 

Nome  district: 

Anvil  Creek 

Dexter  Creek 

Glacier  Creek 

Bourbon  Creek 

Dry  Creek 

Peluk  Creek 

Basin  Oeek 

Council  district: 

Ophir  Creek 

Melsing  Creek 

Crooked  Creek 

Solomon  district: 

Solomon  River 

Kasj^an  Creek 

Kougarok  district: 

Homestake  Creek 

Fairhavcn  district: 

Candle  Creek 

luniachuck  River 

Kugruk  River 

Port  Clarence  district: 

Anikovik  River 

Gold  Run 

Buck  Creek 


Fuel. 


Spruce  wood,  $12  cord. 


Lumber  per  M, 

planed  on  one  aide 

onlen  otherwise 

stated. 


Spruce  wood,  $10  cord. . 


$100. 00-125. 00 
125.00 


180.00 


Spruce  wood,  $10  cord.. 


Spruce  wood,  $10  cord. . 
Spruce  wood,  $7  cord . . . 
Spruce  wood,  $7  cord . . . 


Bituminous  coal  from 
$17  to  $30  per  ton. 

Crude  oil  at  Nome,  $3 
per  barrel. 

Gasoline  distillate  at 
Nome,  $3.50  per  10- 
gallon  case. 

Wood,  $12  cord  on  the 
Niukluk  River. 


70.00 

220. 00-250. 00 
225.00 
225.00 

100.00-150.00 


50.00 
50.00-60.00 
50.00-60.00 

45.00 
50.00 
70.00 

60.00-100.00 

125.00 


150.00 

100.00-150.00 

70.00 

150.00 

60.00 

125.00 

50.00 


a  Roufjh. 
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ROABS  AND  ROAD  BUIIiDING  IN  AliASKA. 

INTRODUCTION. 

The  means  of  getting  from  one  part  of  the  Territory  to  another«and 
from  the  various  iowns  and  supply  points  to  their  tributary  mining 
camps  are  very  bad.  The  data  concerning  road  construction,  which 
were  courteously  furnished  me  b}'^  oflBcers  of  the  Canadian  government 
based  on  Klondike  experience,  indicate  that  road  building  on  an  exten- 
sive scale  is  entirely'  feasible  in  the  northern  latitudes,  and  that  roads 
can  be  constructed  and  maintained  at  moderate  cost.  In  all  proba- 
bility Alaska  is  worse  equipped  with  those  improvements  which  con- 
tribute to  progress  and  prosperity  than  any  other  area  of  like  size 
lying  in  the  domain  of  a  civilized  people. 

Highway  construction  in  Alaska  is  of  the  highest  importance  to  the 
development  of  the  Territory.  The  product  of  the  gold-bearing  grav- 
els which  have  l>een  already  exploited  is  sufficient  to  support  a  consid- 
erable number  of  persons  and  to  maintain  towns  of  important  size. 
The  gold  mining  which  has  been  done  in  the  interior  of  Alaska  has 
been  conducted  in  spite  of  difficulties  of  transportation  which  would 
hardly  be  credible  were  they  not  substantiated  b}'  figures  obtained  in 
many  parts  of  the  Territory  from  responsible  men. 

It  must  not  be  assumed  that  the  ordinary  miner  of  Alaska  is  of  a 
provident  disposition.  Many  men  of  great  energy,  to  whom  is  due 
the  ci"edit  of  having  developed  and  opened  largo  portions  of  this  hos- 
tile country,  are  little  disposed  to  take  care  for  the  future;  yet  they 
possess  pluck  and  determination  which  is  deserving  of  the  highest 
praise.  Outside  of  geologic  and  topographic  exploration  and  making 
of  excellent  maps,  and  the  furnishing  of  postal  and  telegraphic  service, 
the  miner,  until  the  present  session  of  Congress  (1905),  has  been  very 
little  assisted. 

An  act  of  Congress  was  passed  April  27,  1904,  authorizing  the 
appointment  of  road  overseers  and  the  creation  of  road  districts  in 
the  Territory  of  Alaska,  but  this  proving  impracticable  after  a  year's 
trial  Congress  has  met  the  urgent  demands  for  road  building  by  the 
recent  enactment  of  a  statute  which  in  two  of  its  sections  provides  for 
the  limited  building  and  maintenance  of  wagon  roads  and  trails. **  Fol- 
lowing are  the  first  two  sections  of  the  said  act: 

Be  U  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  Slates  of  America 
in  Congress  assembled^  That  all  moneys  derived  from  and  collected  for  liquor 
licenses,  occupation,  or  trade  licenses  outside  of  the  incorporated  towns  in  the  dis- 
trict of  Alaska  shall  he  deposited  in  the  Treasury  Department  of  the  United  States, 
there  to  remain  as  a  separate  and  distinct  fund,  to  be  known  as  the  '^Alaska  fund,'' 
and  to  be  wholly  devoted  to  the  purposes  hereinafter  stuted  in  the  district  of  Alaska. 


oAn  act  to  provide  for  the  construction  and  maintenance  of  roadn.  the  ofitablishment  and  main- 
tenance of  schools,  and  the  care  and  support  of  insane  persons,  in  the  district  of  Alaska,  and  for 
other  porposea. 
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One-fourth  of  said  fund,  or  so  much  thereof  as  may  be  necessary,  shall  be  devoted  to 
the  establishment  and  maintenance  of  public  schools  in  said  district;  five  per 
centum  of  said  fund  shall  be  devoted  to  the  care  and  maintenance  of  insane  per- 
sons in  said  district,  or  so  much  of  said  five  per  centum  as  may  be  needed;  and  all 
the  residue  of  said  fund  shall  be  devoted  to  the  construction  and  maintenance  of 
wagon  roads,  bridf?es,  and  trails  in  said  district. 

Sec.  2.  That  there  shall  be  a  board  of  road  commissioners  in  said  district,  to  be 
composed  of  an  engineer  officer  of  the  United  States  Army,  to  be  detailed  and 
appointed  by  the  Secretary  of  War,  and  two  other  officers  of  that  port  of  the  army 
stationed  in  said  district,  and  to  be  designated  by  the  Secretary  of  War.  The  said 
engineer  officer  shall  during  the  term  of  said  detail  and  appointment  abide  in  said 
district.  The  said  board  shall  have  the  power  and  it  shall  be  their  duty,  upon  their 
own  motion  or  upon  petition,  to  locate,  lay  out,  construct,  and  maintain  wagon  roads 
and  pack  trails  from  any  point  on  the  navigable  waters  of  said  district  to  any  town, 
mining  or  other  industrial  camp  or  settlement,  or  between  any  such  town,  camps, 
or  settlements  therein,  if  in  their  Judgment  such  roads  or  trails  are  needed  and  will 
be  of  permanent  value  for  the  development  of  the  district;  but  no  such  road  or  trail 
shall  be  constructed  to  any  town,  camp,  or  settlement  which  is  wholly  tranaitory  or 
of  no  substantial  value  or  importance  for  mining,  trade,  agriculture^  or  manufacturing 
purposes.  The  said  board  shall  prepare  maps,  plans,  and  specifications  of  every  road 
or  trail  they  may  locate  and  lay  out,  and  whenever  more  than  five  thousand  dollars 
in  I  he  aggregate  shall  have  been  expended  on  the  construction  of  any  road  or  trail, 
contract  for  the  work  shall  he  let  by  them  to  the  lowest  responsible  bidder,  upon 
sealed  bids,  after  due  notice,  under  rules  and  regulations  to  be  prescribed  by  the 
Secretary  of  War.  The  board  may  reject  any  bid  if  they  deem  the  same  unreason- 
ably high,  or  if  they  find  that  there  is  a  combination  among  bidders.  In  case  no 
responsible  and  reasonable  bid  can  be  secured,  then  the  work  may  be  carried  on 
with  material  and  men  procured  and  hired  by  the  board.  The  engineer  officer  of 
the  lx)ard  shall  in  all  ca.ses  sui^ervise  the  work  of  construction  and  see  that  the  same 
is  properly  performed.  As  soon  as  any  road  laid  out  by  the  board  has  been  con- 
structed and  completed  they  shall  examine  the  same  and  make  a  full,  detailed 
report  of  the  work  done  on  the  same  to  the  Secretary  of  War,  and  in  such  reix)rt 
they  shall  state  whether  the  road  or  trail  has  l>een  completed  conformable  to  the  maps, 
plans,  and  specifications  of  the  same.  It  shall  be  the  duty  of  said  board,  as  far  as 
practicable,  to  keep  in  proi)er  repair  all  roads  and  trails  constructed  under  their 
supervision,  and  the  same  rules  as  to  the  manner  in  which  the  work  of  repair  shall 
be  done,  whether  by  contract  or  otherwise,  shall  govern  as  in  the  case  of  the  original 
construction  of  the  road  or  trail.  The  cost  and  expenses  of  laying  out,  constructing, 
and  repairing  such  roads  and  trails  shall  be  paid  by  the  Secretary  of  the  Treasury 
out  of  the  road  and  trail  portion  of  said  **  Alaska  fund  '*  upon  vouchers  approved  and 
certified  by  said  board.  The  Secretary  of  the  Treasury  shall,  at  the  end  of  each 
month,  send  by  mail  to  each  of  the  meml.>ers  of  said  board  a  statement  of  the  amount 
available  of  said  "Alaska  fund"  for  the  construction  and  repair  of  roads  and  trails, 
and  no  greater  liability  for  construction  or  repair  shall  at  any  time  be  incurred  by 
said  })oanl  than  the  money  available  therefor  at  that  time  in  said  fund.  The  mem- 
l>er8  of  said  l)oar(l  shall,  in  addition  to  their  salaries,  })e  entitled  to  receive  their 
actual  traveling  expenses  paid  or  incurred  by  them  in  the  performance  of  their 
duties  as  members  of  said  board. 

It  will  be  of  interest  to  state  that  during  the  twelve  months  ending 
June  30,  11K)4,  the  total  amount  collected  from  license  fees  outside  of 
incorporated  towns  was  $145,043.65/' 

a  Mac'Leiinan,  M.  F..  Receipts  and  disbursements  of  the  United  States  for  the  fiscal  year  ending 
June  30,  1904,  Treasury  Department,  p. 14. 
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As  a  little  less  than  three-fourths  of  this  amount  is  available  for 
roads,  it  is  evident  that  the  work  can  not  be  pushed  very  mpidlj. 

It  is  probable  that  not  more  than  40  miles  of  standard  road  could 
be  built  and  maintained  in  any  one  year  in  the  central  Yukon  prov- 
ince, and  not  more  than  20  miles  of  standard  road  in  the  South  Coast 
province.  Moreover,  it  is  not  likely  that  the  fund  will  increase 
rapidly,  as  the  number  of  incorporated  towns  is  growing. 

Though  a  beginning  was  made  in  the  construction  of  a  military 
horse  trail  from  Valdez  over  Thompson  Pass,  the  project  was  only 
partially  successful  on  account  of  lack  of  funds  for  maintenance. 

The  recommendation  of  Mr.  Alfred  H.  Brooks,  of  the  Geological 
Survey,  of  an  appropriation  of  $1,000,000  to  be  spent  for  wagon  roads 
in  Alaska  is  amply  justified  by  the  necessities  of  the  case.  It  is  prob- 
able that  for  this  sum  900  miles  of  roads  (300  of  the  Dawson  standard 
wagon  type  and  600  for  sleds)  could  be  built  in  those  parts  of  the 
country  which  would  be  most  avssisted  by  their  construction.  Provision 
should,  however,  be  made  for  their  annual  maintenance.  The  inhabi- 
tants of  Alaska  would  be  as  appreciative  of  such  Federal  aid  as  those 
of  any  portion  of  the  American  possessions,  and,  by  such  improve- 
ment in  transportation  facilities,  the  annual  Alaskan  product  in  gold 
would  be  greatly  increased. 

A  serious  detriment  to  the  making  of  a  road  in  Alaska  is  the  thaw- 
ing of  the  ground  beneath  the  moss.  It  has  been  the  universal 
experience  that  wherever  the  moss  is  cut  into  thawing  immediately 
commences,  and  the  tmil  which  was  passable  becomes  a  filthy,  slimy 
mass  of  mud,  roots,  and  broken  stones,  a  difficult  route  for  men  on 
foot,  a  slow  and  tiresome  road  for  loaded  animals,  and  an  impassable 
obstacle  to  any  sort  of  vehicle.  In  regions  failher  south,  under 
temperate  conditions,  trails  frequently  are  developed  into  fair  wagon 
roads  by  much  usage.  Such  developments  can  never  take  place  in 
any  part  of  the  Northwest. 

In  the  Northwest,  where  the  ground  is  always  subject  to  slight  dis- 
turbances from  alternate  freezing  and  thawing,  the  roads  can  not  be  as 
durably  constructed  as  in  portions  of  the  United  States  where  similar 
topographic  conditions  prevail.  The  table  of  expenses  furnished  by 
the  Canadian  governmetit  for  this  report  shows  that  the  cost  of  main- 
tenance does  not  exceed  15  per  cent  of  the  original  mile-cost  of  the 
road.  A  feature  that  can  not  be  too  strongly  impressed  on  those  who 
have  never  seen  the  interior  of  Alaskan  country  is  the  extraordinary 
difference  between  the  topography  of  the  southeast  coast,  which  is 
most  often  visited  by  tourists,  and  the  portions  of  the  country  in 
which  the  rich  placer  deposits  have  been  developed.  In  the  coast 
region  a*bout  Juneau,  Admiralty  and  Baranoff  islands,  and  in  Prince 
William  Sound  (see  PI.  XVI,  A^  p.  114)  the  needle-like  peaks,  precipi- 
tous slopes,  cataracts  in  summer,  avalanches  in  winter,  and  all  the 
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formidable  condition.s  chamcterizin^  an  alpine  district  make  road 
building  very  costly.  There  is  much  roc»k  work,  and  expensive  bridges, 
trestles,  and  culvert*  are  necessary.  The  cost  of  the  wagon  road  from 
Juneau  into  Silver  Bow  basin  was  ^^,750  a  mile,  and  that  of  the  wagon 
road  built  in  181^8  from  Skagway  to  the  summit  of  the  White  Fuas  was 
$6,00()  per  mile.  C'omimre  this  with  the  Yukon-Tanana  gold  district. 
In  the  vicinity  of  Fairbanks  13  miles  of  passable  wagon  trail,  oyer 
what  is  known  as  the  liidge  Trail  going  to  the  creeks,  have  been  built 
at  a  cost  of  less  than  Ii;i0()  per  mile.''  This  road  (see  PL  XXXYIII,  .1) 
was  made  through  a  stretch  of  birch  and  aspen  timber;  the  trees  were 
cut  out  and  many  of  the  stumps  removed;  no  ditch  was  made  along  the 
sides  and  the  road  was  wide  enough  for  only  one  wagon.  But  it  is 
passable,  and  freight  rates  have  already  been  reduced  from  25  and  30 
cents  per  pound  to  10  and  15  cents. 

It  may  be  objected  that  transportation  sufficient  to  meet  the  neeas 
of  the  miner  can  be  accomplished  in  winter  when  the  freight  rates  are 
very  nuich  cheapi^r.  This  is  far  from  being  the  case.  The  winter 
transi^ortation  itself  would  bo  greatly  assisted  by  good  I'oads  on  which 
sleds  of  4  and  5  ton  (*apacity  could  tmvel.  As  to  winter  freight^ 
ing,  it  ma}'  l)e  stated  that  in  the  winter  of  1903  a  man  contracted  to 
tninsj)ort  a  boiler  weighing  5,(300  pounds  from  the  town  of  Fairbanks 
to  Pedro  Creek,  a  distance  of  20  miles,  for  j;2,000,  and  lost  $300. 

Furthermore.  75  jmm*  cent  of  the  w-orkof  exploiting  the  gold-l)earing 
gravels  is  carried  on  in  the  four  months  of  the  o\)etn  season,  and  then 
the  miners  are  in  need  of  the  bulk  of  their  supplier.  In  summer  the 
prices  of  eonnnodities  in  the  towns  are  frequently  lower  than  in  win- 
ter. The  period  durint^  whicli  supplies  for  the  winter  are  generally 
])r()ught  in  is  from  August  1  to  September  1. 

COST  AND  METHOD  OF  CONSTRUCTING  HIGHWAYS. 

Consi(l(M*e(l  from  a  hi«rliway  standpoint,  Alaska,  owing  to  its  vary- 
ing t()po«rniphy  and  natural  conditions,  may  1k>  divided  into  three 
provinces  -the  South  Coast  ])rovinc(^  the  central  Yukon  province,  and 
the  Sr ward  Peninsula  province.  Opportunity  was  had  to  inspei^t  the 
(»xcell(Mit  wagon  roads  which  have  been  built  in  the  northwest  portion 
of  Canada  by  tlu^  Canadian  government.  The  tigures  courteously 
given  by  the  <^)Hic(»rs  of  the  Canadian  d(»partment  of  public  works  rel- 
ativc*  to  the  cost  of  highway  construction  in  the  Yukon  Territory  are 
considered  representative  of  the  ])robabl(»  cost  of  such  construction  in 
the  central  Yukon  province  of  Alaska.  This  and  other  information 
is  embodied  in  table  Itl,  and  portions  of  it  are  elaborated  in  the  suc- 
ceeding paragniphs.  Th(»  obj(»ct  of  the  table  is  to  show,  in  a  form 
easy  for  romi>arison,  the  costs  of  rotid  building  in  the  Northwest  as 
exemplified  by  and  estimated  from  i)revious  experience. 


''So  low  a  cofit  would  not  Imve  bivii  \h»ssIUI*?  had  uot  U-am^tors  hauled  all  iK^'ewtHrVHuppliet) gratis. 
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The  portions  of  Alaska  represented  by  Alaska  Peninsula  and  neigh- 
boring islands,  and  the  Copper  River  basin,  north  of  Prince  William 
Sound,  have  not  been  especially  considered,  as  there  appears  to  be  no 
present  need  there  of  expensive  routes  of  communication.  In  general 
it  may  be  said,  however,  that  the  cost  of  construction  in  Alaska  Penin- 
sula is  the  same  as  in  Seward  Peninsula,  and  the  cost  in  the  Copper 
Kiver  basin  the  same  as  in  the  central  Yukon  province. 

Table  16. — Cod  of  road  construHion, 


Locality. 

Authority. 

Construction,  cost 
per  mile. 

Annual 
mainte- 
nance, cost 
pHjr  mile. 

NotCM. 

8onth  Coast  prov- 
ince: 

Janeau 

Private  construct- 
ors. 

do 

$3,  750 

6,000 
300-1,000 

1 

1, 500-3,  :^oo 

250-350 
3,000-4,000 

6,000 
1,200-3,000 

:«)0 

Good  road   built 

S  k  a  g  w  a  y — 
White  Pa«8. 

British  Columbia: 

Atlhi 

under  great  to- 
pographic diffi- 
culties. 

Road    no    longer 
U8e<l. 

Good  roads  easily 
built,  very  little 
corduroy. 

Standard      high- 
ways construct- 
ed as  de8cril)ed 
below. 

Sled     or     winter 

B.  C.  Atlin,  gold 
commissioner. 

Canadian  depart- 
ment of  public 
works  of  Yukon 
Territory. 

do 

Yukon  Territory: 

Dawson    and 
vicinity. 

Do 

1:^50 

25 

500 

8eward  Peninsula: 

Nome  and  vi- 
cinity. 

Do 

Estimates    l>a8ed 
on  cost  of  rail- 
ways    already 
constructed. 

Private    railway 
enterprisennow 
in  operation. 

Estimate     based 
on  work  done 
by      Canadian 
ffovernment  in 
Yukon    Terri- 
tory. 

do 

trails;       rarejy 
U8e<l in  summer. 

Standan.1      high- 
ways construct- 
ed as  described 
l)elow. 

Railwav  —  3-foot 

• 

Central  Yukon: 

Tanana,  Birch 
Creek,  and 
Koyuknk 
districts. 

Do 

350 
25 

gauge,  20-pound 
rail,   2,^300   ties 
to  mile. 

Standard      high- 
wayH  construct- 
ed as  described 
below. 

SUmI     or    winter 

trails. 
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SOUTH  COAST  PROVINCE. 

Wagon  roads,  while  extremely  useful  in  this  portion  of  Alaska,  cost 
so  much  that  it  is  not  likely  they  will  be  built  except  ajs  heretofore,  by 
private  enterprise,  to  accommodate  individual  mining  properties  or 
groups  of  mines.  The  province  is  likely  to  prove  in  the  future,  as  it 
has  proved  in  the  past,  more  important  from  the  standpoint  of  quartz 
mining  than  of  alluvial  mining.  The  construction  of  roads  is  none 
the  less  desirable  on  this  account,  and  should  any  large  area  capable  of 
producing  mineral  be  found  at  a  point  remote  from  the  coast,  a  high- 
way to  it  over  which  freight  could  be  handled  all  the  year  round  would 
be  highly  desirable.  Winter  conditions  are  exceedingly  severe  in  the 
higher  mountjiins.  In  the  cohstruction  of  the  White  Pass  and  Yukon 
Railway,  110^  miles  in  length,  1,5(K)  men  were  employed  for  twenty- 
six  months.  Train  service  is  maintained  throughout  the  winter  under 
considerable  difficulty,  both  heavy  winds  and  heavily  drifted  snow 
being  frequently  encountered.  Rotary  snow  plows  have  to  be  run 
daily,  encountering  drifts  from  15  to  85  feet  in  depth.  The  average 
cost  of  handling  snow  for  a  season  is  $75,000.  Characteristic  South 
Coast  province  topography  is  illustrated  by  PL  XVI,  A^  p.  114. 

ATLIN  DISTRICT  AND  YUKON  TERRITORY. 

In  the  Atlin  district  of  British  Columbia,  which  was  visited  during 
the  present  investigation,  the  topography  is  comparatively  favorable 
to  road  construction,  and  it  will  l)e  noticed  from  the  table  that  the 
cost  is  low.  PI.  XXXVIII,  li^  p.  2'20,  shows  a  characteristic  view  of 
an  Atlin  road. 

The  Yukon  Territorv  of  Canada  offers  the  most  instructive  lesson  in 
practical  highway  construction  in  the  north,  and  affords  a  striking 
contrast  in  this  respect  to  the  adjacent  American  domain.  The  officers 
of  the  department  of  public  works  of  the  Yukon  Territory,  notably 
Mr.  S.  A.  D.  Bertrand,  the  superintendent,  and  Mr.  W.  Thibaudeau, 
the  Territorial  engineer,  were  kind  enough  to  place  at  my  disposal  the 
data  relative  to  the  building  and  maintenance  of  the  .public  roads. 
The  following  summary  can  not  fail  to  be  of  interest  in  this  connection: 

The  longest  road  in  the  Territory  is  from  Dawson  to  White  Pass, 
342  miles.     Its  history  dates  from  1899. 

Prior  to  1899  all  freight  from  Dawson  was  transported  to  the  min- 
ing creeks  b\^  pack  animals  in  summer,  and  sledded  either  with  dogs 
or  horses  over  the  ice  and  snow  in  winter. 
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The  following  table  shows  the  wagon  roads  and  sled  roads  con- 
structed: 

Roads  constructed  from  1899  to  190S, 


Wagon  roa^is 
Sled  roads. . . 


lo99. 

1900. 

1901. 

1902. 

1903. 

1 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

45 

32 

63.00 

85.81 

26 

160 

10 

80.25 

372.00 

4 

1 

Total. 

Miles. 

251.81 

626.25 


Amount  expended  from  1899  to  190S  in  amstructing  and  maintaining  roads  and  Itridges 

in  Yukon  Territory^  Canada. 

1899 150,000.00 

1900 205,609.72 

1901 147,174.90 

1902 228,543.88 

1903 398,789.95 


Total 1,030,118.45 

Average  cost  of  construction  for  wagon  road  was  $1,500  to  $3,300 
per  mile.  Average  cost  of  construction  for  sled  or  winter  trail  was 
$250  to  $350  per  mile.  The  cost  of  repair  and  maintenance  of  wagon 
roads  was  $350  per  mile  per  annum.  The  cost  of  repair  and  main- 
tenance of  sled  roads  was  $25  per  mile  per  annum. 

The  following  comparative  statement  shows  transportation  charges, 
per  100  pounds  between  Dawson  and  a  few  of  the  important  mining 
centers  in  1899,  previous  to  the  construction  of  the  wagon  roads,  and 
in  1904.  The  improved  condition  means  a  direct  benefit  to  the  miners 
of  at  least  600  per  cent  on  all  supplies  and  machinery  freighted  by 
wagons  over  first-class  roads: 

TransportaJHon  charges,  per  100  pounds,  from  Dawson  to  important  mining  centers  in 

Yukon  Territory,  Canada, 


A 

From  Dawson  to— 

Distance. 

1899. 

( 

1904. 

Grand  Forks 

Miles. 
12 
20 
33 
35 
55 

$7.00 
8.00 
12.50 
12.50 
18.00 

$1.00 

Gold  Bottom 

1.50 

Cariboa 

2.00 

Discovery  Sulphur  . 
Gold  Run 

2.00 
3.00 
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The  following  is  a  statement  of  the  localities  served  by  wagon  roads: 

Ijociditkf  i*erred  hij  wagon  roadff  tnth  mUenge^  in  Yuhm  Territory^  Caruula. 

MileH. 

Bonanza  Creek 18. 00 

I^vett  Gulch 1.50 

AdauiH  Ciulch 1.  75 

Eldorado  Creek 7.  do 

Calder  Creek : 5.60 

Gold  Mill 50 

Quartz  (-reek 5.00 

Indian  River  and  Eureka  Creek 18. 00 

Hunker  Creek 24.35 

Bear  Creek 3.00 

IjSL^t  Chance  Cnrk 2. 50 

Gold  Bottom  Creek 5.40 

Dominion  (-R'ek 16.  ^ 

Sulphur  C:n»ek 9. 56 

Went  Dawson 41 

ilendernon  Creek 13. 00 

Dunttan  Creek  (Stewart  Kiver  district) 20. 00 

Li vin^tonH  Creek  ( Bij?  Sidmon  district ) 16. 00 

Copi)er  Kinjc  mines  (White  Horse  district) 4.20 

(xrafter  (H)pper  mine 5. 44 

Ridg(>  road  an<l  ajMirs  to  (irand  Forks,  <iold  UotUnu,  Carihou,  and  Gold  Run.  73.  70 

Total 251.81 

Following  is  a  statement  of  the  localities  served  by  sled  roads: 

LontHtifif  xt'rrrd  by  s/eti  nutiU,  irilh  inlh'agey  in  Yukon  Territortf^  Oinada. 

Milen. 

Old  Kiver  cut-off  from  l^ke  i^banre  to  Hut<'hi,  cut  out  in  1899 160. 00 

Dawson- Whit4^  I  lonns  overland  mail  route 350. 00 

(ilacier-Miller  Creek,  Sixtymile  district 58.25 

Huchcr  (^reek,  Sixtymile  district 20. 00 

I A'pine  Creek,  quartz  min(^ 14. 00 

L<»wer  Sulphur 8.00 

I>ast  (^hance  (upper  end) 3. 00 

I^nver  Dominion 6. 00 

Cut-offs,  Stewart  River 20. 00 

Duncan  ( Veck  ( uppiT  part ) 4.  00 

Total 643.25 

Ij<*sh  Kureka  end  of  l>dws(m-\Vhite  Horse  trail  (<'overe<l  into  wagon  road)..     17.00 

626.  25 

The  estimate  for  the  amount  required  for  maintenance  of  roads  and 
bridges  in  the  Yukon  Territory  for  the  year  ending  June  30,  1904,  is 

The  nuMi  employed  in  road  construction  are  paid  ib  and  board  per 
day  of  ten  hours.  A  team  of  horses,  used  in  scniping  or  carting,  is 
reckoned  at  $^25  per  day,  including  wages  of  the  driver.  Foremen  are 
paid  ^H  and  board  per  day  of  tern  hours. 


^ 
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Several  bridges  of  a  permanent  character  have  been  built  in  the 
Territory,  the  principal  of  which  is  the  Ogilvie  steel  bridge  over 
Klondike  River,  the  cost  of  which  was  $35,000.  It  is  seen  in  PI. 
XXXIX,  A. 

The  method  of  constructing  the  road  in  the  Yukon  Territory,  where 
frozen  muck  and  gravel  flats  are  traversed,  is  illustrated  in  fig.  49. 
This  section  was  drawn  from  information  furnished  bv  Mr.  W.  Thi- 
baudeau,  Territorial  engineer  of  the  Yukon  Territory.  It  has  been 
the  experience  that  over  frozen  ground  this  t3'pe  of  road,  costing 
$3,200  per  mile,  can  be  maintained  Ivith  much  less  expense  than  roads 
running  along  the  hillsides.  With  roads  of  the  kind  here  illustrated 
it  has  been  found  best  to  leave  the  moss  intact  under  the  bed  of  poles, 
for  it  protects  the  ground  from  thawing;  the  black  frozen  nmck,  hav- 
ing the  consistency  of  solid  stone,  remains  as  a  firm  bed.  The  inside 
faces  of  the  side  ditches  are  not  always  banked  with  sod,  but  such  bank- 
ing affords  additional  protection.     The  ditches  are  cut  either  entirely 
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Fio.  49.— Method  of  constructing  nmd  over  frozen  niuek,  Klondike. 

in  muck  or  partly  in  muck  and  partly  in  underlying  gravel.  These 
conditions  vary  with  the  thickness  of  the  nmck. 

On  the  other  hand,  when  the  moss  blanket  is  cut  into,  as  is  neces- 
sarily the  case  in  all  side-hill  cutting,  the  sun  and  the  seepage  water 
gradually  thaw  the  frozen  muck,  which  becomes  a  soft,  slimy  mass. 
The  cost  of  maintenance  of  such  roads  has  been  found  so  much  greater 
than  that  of  roads  on  flat  ground  that  the  latter  are  now  constructed, 
even  if  the  distance  between  terminal  points  is  greater. 

PI.  XXXIX,  jff,  shows  a  6-mule  team  hauling  8,000  pounds  with 
a  trailer  on  an  upgrade  stretch  of  road  in  Hunker  Creek,  near  Dawson. 
PI.  XL,  A  (p.  226),  from  a  photograph  taken  in  August,  1904,  shows  a 
6-horse  team  endeavoring  to  haul  a  load  of  8,300  poundsf  rom  Fairbanks, 
on  Tanana  River,  to  Cleary  Creek,  in  the  Fairbanks  district  of  Alaska. 
Not  half  a  mile  from  the  point  where  this  picture  was  taken,  on  the 
road  to  Cleary  Creek,  a  cart  bearing  a  15-horsepower  boiler  was  seen 
broken  down,  its  wheels  buried  in  mud  and  water. 

Bull,  263—05 15 
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Two  miles  from  the  town  of  White  Horse,  Yukon  Territory,  on  the 
road  to  the  copper  deposits,  is  an  excellent  stretch  of  coixiuroy  ixmd 
extending  over  a  marsh}'  piece  of  unfrozen  ground.  The  6-inch  tim- 
bers used  for  lagging  have  all  been  flattened  on  the  upper  side  for  a 
width  of  16  feet  in  the  central  portion,  so  that  a  rough  wagon  ti-ack  is 
formed.  Thus  a  much  evener  wear  on  the  lagging  is  maintained  than 
would  be  the  case  if  the  timbers  were  left  in  their  original  round 
condition. 

CENTRAL  YUKON  PROVINCE. 

Mr.  Alfred  H.  Brooks,  in  his  article  entitled  "Placer  Mining  in 
Alaska  in  1903,"*'  has  suggested  the  following  routes  for  Government 
roads  in  the  central  Yukon  province  of  Alaska: 

(1)  A  road  from  I'^agle  to  the  Xanana,  the  Chistochina,  and  to  Valdex,  on  the 
coast,  a  distance  of  approximately  400  miles.  This  probably  should  follow  the  present 
well-established  trail,  which  is  used  as  winter  and  summer  mail  route.  The  most 
important  part  of  the  road  would  )>e  that  l)etween  Kagle  and  the  camps  of  the  Forty- 
mile  region.  An  alternate  route  wouhl  be  to  Fairbanks,  on  the  Tanana,  from  Copper 
River  by  way  of  the  Delta  River  valley,  a  distance  of  about  300  miles.  (2)  A  road 
to  extend  from  Circle,  on  the  Yukon,  through  the  Birch  Creek  and  Fairbanks  dis- 
trict to  the  Tanana,  a  distance  of  about  150  miles.  (3)  Rampart,  on  the  Yukon,  to 
be  connected  with  the  mouth  of  Baker  Creek,  on  the  Tanana,  by  a  road  which  would 
open  up  the  Minook  and  Baker  districts,  a  distance  of  less  than  50  miles.  (4)  A 
hundreil  miles  or  so  of  road  to  be  built  in  the  Koyukuk  region  to  connect  the  pold- 
l)earing  creeks  with  the  head  of  t?!  earn  boat  navigation  on  Koyukuk  River.  It  is 
believed  that  these  roadj!"  would  form  a  svHteni  of  main  arteries  bv  which  most  of  the 
placer  fields  could  easily  Ih^  reached,  and  that  the  pmduction  of  the  mines  would 
thereby  be  so  much  increased  as  to  fully  justify  the  exi>enh«. 

Well-constructed  roads  followintr  the  above  routes  would  result  in 
making  freight  rates  in  the  placi»r  districts  which  the  roads  w^ould 
traverse  one-fourth  less  than  at  ])resent.  The  operations  in  the  Birch 
Creek  and  New  P^air})ank8  placer  districts,  for  example,  ai"c  directly 
dopondont  on  prices  of  supplies  laid  down  on  the  claims.  The  pay 
strcMiks  in  the  broad  creek  valleys  frequently  l>ecome  w^ider  and  wider 
as  f leight  rates  become  lower.  Such  a  statement  would  appear  absurd 
if  applied  to  regions  where  the  charge  for  freighting  represents  only 
a  small  percentage  of  the  original  cost  of  the  commodities.  Where, 
howevei*,  the  cost  of  material,  especially  machinery,  is  rendered  double 
or  more  by  freight  charges,  transportation  facilities  become  a  highly 
important  factor  in  considering  whether  a  given  piece  of  ground  is  or 
is  not  workable.  Prices  for  mining  supplies  in  the  town  of  Fairbanks, 
th(»  supply  point  for  the  new  gold-placer  region  on  tributaries  of 
Tanana  River,  are  by  no  means  cheap.  As  compared  with  prices  on 
the  claims  which  lie  from  15  to  !25  miles  inland,  however,  thev  are 


a  Bull.  L'.  S.  Geol.  Survey  No.  '2:2b,  liKM,  p.  57. 


i 


PiTRiNOTON.]  ROADS    AND   ROAD    BUILDING    IN    ALASKA.  227 

strikingly  low.  For  example,  a  hundred  feet  of  8-inch  16-gage 
hydraulic  riveted  steel  pipe  costs  in  Fairbanks  $175.  On  Fairbanks 
Creek,  20  miles  away,  the  same  100  feet  of  pipe,  with  freight  at  20 
cents  per  pound,  costs,  if  transported  in  summer,  $301,  representing  a 
freight  charge  of  $126.  In  the  Klondike,  where  the  topography  is 
nearly  the  same,  the  same  pipe  would  be  landed  on  a  claim  20  miles 
from  Dawson  for  a  freight  charge  of  $9.45. 

Anything  worse  than  the  present  condition  of  the  trails  in  the 
interior  of  Alaska  is  difficult  to  conceive.  Men  ignorant  of  the  use  of 
a  map  and  compass  are  frequently  lost  in  the  vast  maze  of  rolling 
niountains  and  undergo  hardship  and  starvation.  It  is  a  curious  fact, 
dependent  on  the  peculiar  frozen  conditions,  that  the  great  river  flats, 
where  the  present  trails  are  at  their  worst,  are  the  very  places  where 
wagon  roads  of  the  Dawson  type  can  be  most  easily  maintained.  As 
for  the  hill  country,  the  roads  can,  in  many  cases,  be  led  almost  contin- 
uously for  distances  of  from  5  to  20  miles  along  the  crests  of  gently 
rolling  divides. 

PI.  XL,  jff,  shows  one  of  the  important  producing  creeks  of  central 
Alaska,  where  a  road  is  badly  needed,  and  PI.  XLI,  A,  illustrates  the 
present  mode  of  transportation  in  that  district. 

SEWARD  PENINSULA  PROVINCE. 

In  the  central  and  western  portions  of  Seward  Peninsula,  namely, 
the  Nome,  Solomon,  Council,  Topkok,  Kougarok,  Teller,  and  York 
districts,  any  projects  of  installation  of  roads  must  take  into  account 
the  entire  absence  of  native  timber.  The  region  so  defined  is  the  one 
which  has  attained  importance  as  a  gold-producing  area,  while  the 
eastern  portion  of  the  province,  where  scant  growth  of  spruce  does 
occur,  is  not  at  present  productive.  PI.  XLII  illustrates  typical 
Seward  Peninsula  topography. 

Owing  to  these  conditions  wagon- road  construction  which  emploj-s 
the  use  of  timber  in  any  form  will  be  expensive,  and  as  seen  by  the 
table  given  previously  in  this  paper,  the  cost  of  building  the  narrow- 
gage  railways  which  have  done  excellent  service  in  Seward  Penin- 
sula is  $6,000  per  mile,  exclusive  of  rolling  stock,  while  a  wagon  road 
of  the  Dawson  type  will  rarely  fall  below  $4,000  per  mile.  The  rates 
for  hauling  on  these  railways  may  be  reckoned  at  $1  per  ton  per  mile. 
In  summer,  wagons  with  broad  tires  now  haul  freight  over  roads  which 
have,  as  it  were,  made  themselves,  at  rates  of  §1.50  to  $3  per  ton  per 
mile,  varying  according  to  the  nature  of  the  country  traversed. 

It  is  questionable  whether  wagon  roads,  extensively  built  and 
aiming  at  permanency,  will  ever  be  constructed  in  Seward  Peninsula 
to  supply  the  needs  of  the  gold-mining  communities.     The  Nome 


228  GRAVEL    AND    PLACER   MINING    IN    ALASKA.  [bull.  2d3. 

Arctic  Railway,  from  Nome  to  Anvil  Creek,  12  miles  long,  the  tie«  of 
which  are  laid  for  a  portion  of  its  length  on  a  2-inch  plank  bed,  appears 
to  serve  a  useful  purpose.  Onl}^  seventy  days  were  consumed  in  the 
construction  of  the  12  miles.  The  Wild  Goose  Railway,  also  of  3-foot 
gage,  from  Council  to  Ophir  Creek,  has  been  constructed  in  a  similar 
manner.  Sixteen  miles  of  a  standard-gage  railway,  the  Council  City 
and  Solomon  River  Railway,  have  also  been  completed.  Considering 
the  comparative  cheapness  with  which  railway  material  can  be  hauled 
at  various  points  in  Seward  Peninsula,  it  is  likely  that  short  lines 
of  railway  will  continue  to  be  built  by  private  enterprise  to  supply 
the  several  inland  mining  communities. 

The  suggestion  is  here  made  that  narrow-gage  pole  tramways  laid 
over  the  tundra  might  in  some  cases  be  used  in  parts  of  Seward 
Peninsula  for  long  hauls.  The}'  would  be  expensive  to  construct  and 
maintain,  but  would  not,  of  course,  compete  with  winter  transpor- 
tation. 

In  view  of  the  small  cost  of  narrow-gage  railways  in  Seward 
Peninsula  and  the  small  annual  maintenance  cost,  as  compared  with 
what  it  would  probably  cost  to  maintain  wagon  roads,  the  Federal 
Government  should  aid  in  tramway  rather  than  wagon-road  construc- 
tion in  that  portion  of  Alaska.  The  light  industrial  railways  now 
manufactured  by  various  firms  could  be  constructed  with  special 
modification.s  for  the  tundra  (X)untry,  and  (*ould  be  shipped,  knocked 
down,  to  different  portions  of  the  peninsula. 

In  conelusion,  I  would  say  that  of  the  three  provinces  of  Alaska 
above  specified,  the  otMitral  Yukon  ])rovince  is  most  in  need  of  Fedenil 
aid  for  highway  construction.  By  this  means  placer  districts  now 
lying  idle  could  be  made  to  support  a  numerous  population,  and  it  is 
doubtful  whether  any  other  form  of  tissistance  would  prove  as  bene- 
ficial as  stimulating  prospecting  for  new  placer  fields. 

FREIGHT   RAITOS. 

FREIGHT  RATES  FROM  THE  STATES. 

The  ])resent  freight  and  pavssenger  rates  from  Tacoma,  Seattle,  and 
San  Fnincisco  to  the  main  supply  points  of  Alaska  accessible  by  ocean- 
going steamers  are  given  in  table  17  (pp.  230-231). 

FnMght  rates  are  fairly  constant  from  year  to  year,  but  passenger 
rates  vary  from  one  season  to  another,  according  as  the  different 
steamship  companies  are  competing  or  temporarily  combined.  Return 
passengcM-  rates  may  be  reckoned  at  generally  25  per  cent  higher  than 
north  hound,  hut  occasionally  rise  to  loo  per  cent  higher.  During 
liH)4  the   n^turn  rates  from  Nome  were  double  those  outgoing.     It 
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should  be  noted  also  that  the  return  rates  are  higher  on  the  last 
steamers  than  on  those  returning  early  in  the  season. 

Service  is  maintained  all  the  year  round,  with  the  exception  of  the 
Seward  Peninsula  service,  St.  Michael,  and  points  far  up  Cook  Inlet. 
Between  these  points  and  Seattle,  service  can  be  reckoned  on  from 
May  16  to  October  15  only. 
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Table  17.— Oeea»  freight  aitdpaMmgtrraUt  far  1904 /"«» 
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In  table  18  are  given  the  through  freight  and  passenger  rates  from 
San  Francisco  or  Seattle  to  Dawson,  in  Yukon  Territory,  and  to  Eagle, 
Circle,  Fort  Gibbon,  and  Fairbanks,  in  Alaska,  via  tiie  White  Pass 
route. 

Table  19  gives  the  through  rates  from  San  Francisco  or  Seattle  to 
the  above-named  points,  via  St.  Michael  and  Yukon  and  Tanana  rivers. 

While  during  the  open  or  summer  season  the  all-water  transport  of 
freight  via  St.  Michael  is  cheaper,  the  river  steamboat  service  has  not 
yet  been  developed  to  a  sulSScient  extent  to  insure  prompt  and  regu- 
lar delivery.  Should.the  Tanana  gold  fields  prove  important,  however, 
the  all-water  route  will  probably  be  the  one  most  practical  for  the 
transportation  of  supplies.  Jt  has  the  additional  recommendation  that 
by  means  of  it  the  crossing  and  recrossing  of  the  Canadian  frontier  is 
avoided.  On  the  other  hand,  via  the  White  Pass  route,  freight  can  be 
landed  at  Fairbanks  much  earlier  than  via  the  all-water  St.  Michael 
route. 

It  should  be  stated,  in  the  consideration  of  table  18,  that  the  White 
Pass  and  Yukon  Railway  has  established  three  classifications  of  freight 
for  through  shipments,  the  regular  rates  for  which,  on  less  than  10 
shipments  from  Seattle  to  Dawson  for  the  summer  season,  are  as 
follows: 

Class  A,  including  mining  tools  and  articles  bulky  and  not  easily 
destructible,  $65  per  ton. 

Class  B,  including  more  fragile  articles,  $80  per  ton. 

Class  C,  including  small  supplies,  $95  per  ton. 

Shippers  should  remember  that  a  package  containing  any  article 
coming  under  a  higher  class  than  that  comprising  the  bulk  of  the 
package  is  charged  at  the  highest  rate.  This  applies  also  to  unspeci- 
fied packages. 

A  list  of  mining  supplies,  on  which  a  special  reduction  is  made  for 
transport  from  Seattle  to  Dawson  between  July  1  and  August  15,  is 
given  following  table  18. 

The  winter  freight  rates,  via  the  White  Pass  route,  exceeding  $560 
per  ton  from  Seattle  to  Dawson  need  not  be  considered,  as  they  are 
prohibitive,  except  in  emergency  cases.  This  route  necessitates  a 
haulage  of  nearly  300  miles  by  sleds. 
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The  following  rates  from  Seattle  to  Dawson,  via  the  White  Pass 
route,  on  commodities  especially  applicable  to  placer  mining,  are 
also  given  for  summer  traffic  between  July  1  and  August  15: 

Freight  rcUesfrom  Seattle  to  Dawson,  via  White  Pass  routes  from  July  1  to  August  15. 

Lumber,  rough  (including  flume  lumber  or  lumber  dressed  on  one  side 

only) per  M  feet. .  $48. 75 

Oats  and  feed,  in  straight  or  mixed  carloads per  ton. .    55. 00 

Hay  ( compressed  to  at  least  22  pounds  per  cubic  foot)  7  tons  or  over do 52. 50 

Blacksmith's  coal,  20,000  pounds  and  over do 47. 50 

Coal  oil,  20,000  pounds  and  over do 47. 50 

Caudles,  20,000  pounds  jind  over do 55. 00 

Nails,  horseshoes,  bolts,  nuts,  and  spikes,  20,000  pounds  and  over do 47. 50 

Flour,  20,000  pounds  and  over do 52. 00 

Beef  in  barrels do 62. 50 

Iron  and  iron  articles:  Angle,  band,  bar,  boiler,  rod,  hoop,  sheet  and  galvan- 
ized iron,  sheet  steel,  T  rails,  wire  rope,  bolts,  anvils,  nuts,  nails,  chains, 

per  ton 52. 00 

Hardware  supplies:  Asbestos  cement,  asphaltum,  axle  grease,  bags  and  bag- 
ging, cement,  clay  (fire),  handles,  oil  (lubricating  in  cases),  pulleys,  iron 
pumps  (hand),  rope  and  cordage,  tar,  tin  plate,  varnish,  wheelbarrows, 
per  ton 55. 00 

Table  19. — Through  freight  and  passenger  tariff  for  1904,  between  San  Francisco,  Seattle, 
and  Yukon,  Koyukuk,  and  Tanana  River  points,  via  St.  Michael, 


North  bound. 


Passengers. 


First 
class. 


Anvik *10.S.OO 

Nulato I  112.50 


Kovukuk  mouth 

Fort  (libhon 

Fairbanks 

llainpart 

Fort  Yukon 

Circle 

F^agle 

F^ortvmili' 

l)a\\>«(jii 

H(»rgmaii 

BettluH 


112.50 
125.00 
150.00 
127.50 
Kii.OO 
i;^.  (X) 
140.00 
140.00 
140.00 
150.00 
KyTy.  00 


Seeond 
class. 


$70.  00 

80.00 

80.00 

88.00 

110.00 

90.00 

95.00 

95.  00 

100.  (K) 

100.  00 

100.00 


Freight  per  ton 

of  2.000  p<>undH. 

or  40  cubic  feel, 

ship's  option. 


South  bound. 


$40.00 
50.00 
50.00 
55.00 

100.00 
57.  00 
02.00 
a5.  00 
70.  00 
70.00 
70.00 

100.00 

135.00 


Passengers. 


First 
class. 


Second 
chiss. 


$97.00 
ia5.  00 
105.00 
112.50 
125.00 
115.00 
120.00 
120.00 
.  125.00 
125. 00 
125.00 
130.00 
140.00 


$66.00 
70.00 
70.00 
75.00 
90.00 
77.50 
85.00 
85.00 
90.00 
90.00 
90.00 


Freight  per  ton 

of  2.000  iKMind?. 

or  40  cubic  foil. 

ship's  oi»ti(H». 


$;i5.  00 
40.00 
40.00 
45.  (K) 
75.  no 
48.  00 
53.  (K) 
55.  00 

58.  00 

59.  0(1 
(JO.  (XI 
75.00 
95. 00 
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Heary  piera. — Od  ehipmenla  to  and  from  all  river  pointa,  single  pieces  nr  packages 
weiiihing  bctneen  7.'>0  and  1,000  pouDcIs,  a(l<l  20  percent;  t)etweea  1,000  and  1,500 
pnundti.  Lid<l  30  per  cent;  between  1,500  and  2,000  pounds,  aild  40  per  cent;  between 
2,000  and  3,000  pounds,  add  60  per  cent;  between  3,000  and  4,000  pounds,  add  80 
per  cent;  between  4,000  and  5,000  poundn,  double  rate;  over  5,000  pounds  taken 
only  by  special  contract. 

LOCAL  FREIGHT  AND  PASSENGBS  TARIFFS. 

■,  for  1904,   iHa   river  tteamer  from   Daioton  to 
Return  rata  from  10  In  SO  per  cent  higher. 


Fortymile,  SS  miles  .... 

Eagle,  102milee 

C^le,  292  miles 

Fort  Yukon,  377  miles. . 

Bampart,  620  miles 

Fairbanks,  1,000  miles. . 
Fort  Gibbon,  700  inileH  . 

Nulato,  9m  miles 

Anvik,  1,196  miles 

St.  Michael,  1,601  miles. 


:,00a  pound*. 

<-lB»L 

$10.00 

f7.00 

12.00 

a  00 

18.00 

17.00 

21.00 

21.00 

26.00 

31.00 

70.00 

70.00 

28.00 

34.00 

i'i.oo 

45.00 

39.00 

54.00 

48.00 

70.00 

$5.00 
7.00 
13.00 
16.00 
23.00 
50.00 
25.00 
34.00 
41.00 
50.00 


Lumber,  one  and  one-half  the  above  rates  per  1.000  feet  B.  M. 
■   Horses  and  cattle,  1  lo  5,  one  and  one-half  the  above  rat#8  for  each  lieaii;  6  to  10, 
one  and  one-quarter  rate  each  head;  over  10,  one  rate  coi-h  head. 

Bee  footnote  table  19  in  regard  to  shipment  of  heavy  pieces. 


Tablb  21. — Local  pnuenger  and  freight  tariff  on  Tun 


a  Rir<r 


Mile>froinF«lrl»nl[»     10 


Fftirbankw $5 

Neenana  _ 

Tolovana 

Baker  {'reek 


I  1)15  I  !IXO  I 

t20  $SS 
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Tablk  21. — Local  pamenffer  and  freight  tariff  on  Tanaaa  Kxer — CcmtinDed. 


Milei 


FuirkiatikH 

Cheoa  

NeenaDs 

Tolovana 

Baker  Creek  . 


•  Per  too  ^  liOOIt  poanda,  or  40  Bahlo  t«M,  ihlp"!  optlga. 
Taali  22.— Local  poMOtger  tariff  on  XoyniuJe  Kver,  teamu 


^\^                Ftom- 

1 
1 
1 

1 

1 
16 

240 

$24 
22 
11 
S 

1 

1 

Slo 

$;m 

52 
21 

18 
10 

1 

f« 

42 
31 

as 

21 
10 

1 

1 

l_ 

4M 

$48 
4(5 

35 

32 
25 

le 
s 

4S0 

«51 
50 
40 
37 
30 
21 
13 
8 

t 

S 
1 

AtH 

$54 
63 
43 
40 
33 
24 
16 
13 
5 

1 

M8 

160 
50 
4ft 

3ft 
30 
21 
17 
15 
10 

1 

»5 

tis 

13 

■r 

f6ti 

Bulbi  River 

Peavy 

FBEIGHT   BATES. 
Tablb  23. — LoetA  pattenger  tariff  on  Koyiikuk  River,  « 


n  ISO^—Continued. 


1 

31 

t 

1 

70 

so 

i 

m 

1 

1 
1 

1 
j 

1 

1 

4 

1 

1 

» 

3«8 

nn 

t5 

40 

{10 
6 
3 

US 
12 
& 
6 

120 

17 
13 

9 

5 

(28 
22 
18 
14 
10 

30 
26 
22 
IS 
U 
8 

34 

30 
26 
22 
18 
12 

e 

WO 

36 
32 
29 
24 
20 
15 
-  7 
4 

$50 
47 
43 
40 
34 
30 
24 
17 
14 
XI 

' 

1 

1 

Table  23. — Paeking  tola  per  1< 


I 

HuDterOeek 4          f2.00            M.OO 

Little  Minook  Creek ]  6           2.00             4.00 

Hooaier  Creek |  8            2.00             4.00 

RnbyCteek j  10           2.00             6.00 

Slate  Creek !  13            2.00             8.00 

Over  divide  to  Pioneer  Glen,  Rhode  Idlaod,  Omega, 
and  Thanksgiving  creeks I  25  to32 


DliUnce. 

wm«r.. 

4 

$2.00 

8 

2.00 

8 

2.00 

10 

2.00 

13 

2.00 

25lo32 

6.00 

nUkelyioglTe 


rlDt«r  traDoportatlon 
Dretlcally  coeap«r  tn 


taog  Is  Ibeoretlcally  caeaptt 


id  wbere  mucb  sledding  la  d< 


;"!".•; 


:.  boniea  >re  cheeper. 


«  gnduallr  replacing  dogiin 
—  honie.  Begtveemoretrouble, 
It  In  regions  wnei«  harae  feed  un 


Circle-Fairbanks  packing  rates.— Th.^  town  of  Circie,  being  the 
Dearest  point  on  Yukon  River  to  the  placer  districts  of  Birch  Creek 
and  Fairbanks,  has  some  importance,  especially  in  winter,  as  a  dis- 
tributing center  for  those  districts.  The  rates  for  packing  in  summer 
by  horses  and  in  winter  by  dog  sleds  from  Circle  are  given  in  table  24. 
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Table  24. — Packing  rates  per  100  pounds  from  Circle  to  variotis  points. 


Dead  wood  Creek 

Eagle  Creek 

Fairbanks  Cieek 

Fairlmnks 

Fort  (tibbon  to  Cleary  Creek 


Winter. 


Summer. 


$3.00 
6.00 
15.00 
35.00 
60.00 


$25.00 
30.00 
75.00 

100.00 


PackiTKj  ratei<  at  Fairbanks. — These  summer  rates  are  continually 
being  reduced  as  the  trails  are  improved,  but  the  following  may  be 
regarded  as  those  that  will  obtain  in  1906: 

Table  25. — Packing  rales  per  100  pounds  from  Fairbanks  to  various  points. 


Pedro  Creek 

Chatham  Creek 

Clearv  Creek 

Up[)er  Fairbanks  Creek 
Lower  Fai r ban k.s  Creek 


Distance. 

Winter. 

Summer. 

Miles. 
15 
20 
22 
23 

$2.00 
2.50 
2.50 
3.00 
3.00 

$10.00 

10.00 

15.00 

20.00 

25 

25.00 

In  the  summer  of  1904  six-horse  teams  were  engaged  in  hauling  loads 
not  exceeding  H  tons  from  Fairbanks  to  the  creeks.  The  conditions 
under  wbicli  this  hauling  was  done  may  be  seen  from  PI..  XL. 

The  nearest  American  supply  point  to  the  creeks  of  the  Fort\'mile 
region  is  Eagle,  ])ut  this  town,  on  account  of  its  remoteness  and  the 
absence  of  good  roads,  is  at  present  of  only  subordinate  importance 
to  the  miners.  Dawson,  although  in  Canadian  territory,  is  a  more 
convenient  place  to  procure  supplies.  These  are  bought  generally  in 
the  fall  and  freighted  to  the  creeks  on  sleds  with  dogs  or  horses  during 
the  winter,  either  by  wav  of  Sixtvmile  Creek  or  Fortvmile  Creek.  In 
the  summer  freight  is  carried  by  pack  train  from  Eagle  or  by  boats 
from  the  Yukon  uj)  Forty  mile  Creek.  The  winter  rates  from  Eagle 
in  1903  averaged  about  ?5  per  100  pounds;  the  sununer  rates  about  $25. 

Freighting  to  the  new  placer  district  of  the  Porcupine  is  done  by 
wagon  haul  across  Chilkat  River  to  Portage  Point,  thence  to  Kluk- 
wan  in  canoes,  which  an*  poled  upsti'eam,  sometimes  under  great  diffi- 
culties. From  Klukwan  the  supplies  are  hauled  up  the  Klehini,  15 
miles,  to  the  town  of  Porcupine.  The  rate  from  Haines  Mission  to 
Porcupine  is  ^3.50  per  100  pounds,  and  to  Pleasant  Camp,  6  mile^ 
beyond  Porcupine,  it  is  $5  per  100  pounds. 
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Freight  for  the  Chistochina  district  must  be  packed  on  horses  from 
Valdez,  via  the  military  road  to  the  Chistochina,  and  then  up  the  river. 
The  rate  in  1903  was,  in  summer,  $10  per  100  pounds,  and  in  winter 
$3.50  per  100  pounds. 

A  railway  haj*  been  projected  from  Resurrection  Bay  on  the  Alaska 
coa«t  up  the  Sushitna  and  down  the  valley  of  Cantwell  River  to  the 
Tanana,  thence  across-  to  the  Yukon  at  Rampart.  A  few  miles  of 
the  road  have  actually  been  constructed  from  the  Resurrection  Bay 
terminus.  There  is  little  doubt  that  a  railway  following  either  this 
route  or  one  following  the  already  surveyed  route  from  Valdez  to 
Tanana  Crossing  would  pa}"  as  an  investment.  The  benefit  of  such 
lines  of  railway  to  the  south  interior  portion  of  Alaska,  including  the 
Hope  and  Sunrise,  Chistochina,  and  Fairbanks  placer  districts,  is 
unquestionable. 

Freight  rates  from  Hope  and  Sunrise  to  the  mining  creeks  in  the 
vicinity  are  as  follows: 

Supplies  arc  freighted  from  Sunrise  to  Mills  Creek,  about  18  miles, 
for  5  cents  per  pound. 

From  Sunrise  to  Lynx  Creek,  between  20  and  25  miles,  for  about 
the  same.     This  is  contract  work. 

Supplies  are  boated  from  Sunrise  to  mouth  of  Glacier  Creek  (7  to  8 
miles)  and  there  packed  to  Crow  Creek  (6  to  7  miles)  for  3  to  3i  cents, 
but  this  is  by  private  yearly  contract.  The  miners  usually  bring  their 
own  supplies  over  the  snow  in  the  winter  time  so  that  there  is  not  much 
freighting. 

The  transportation  of  supplies  from  supply  points  on  Seward  Pen- 
insula to  the  mining  creeks  is  done  mainly  by  hauling  in  wagons;  in 
some  cases,  as  from  Cheenik  to  Council,  by  flatboat,  and  in  three 
cases,  Nome-Anvil  Creek,  Solomon-East  Fork,  and  Council  Number 
15,  Ophir  Creek,  by  railway.  Between  points  on  the  coast  the  summer 
transportation  depends  on  small  ocean-going  boats,  for  the  most  part 
gasoline  launches,  whose  trips  are  not  regular,  as  landings  at  Nome, 
Solomon,  Bluff,  and  York  depend  on  the  weather.  All  supplies  larger 
than  those  which  can  be  transported  in  dories  must  be  lightered  at  the 
above-named  points.  Charges  for  lightering  at  Nome  are  included  in 
table  26.  It  should  be  understood  that  the  ocean  mtes  to  Seward 
Peninsula  points  given  in  table  17  include  the  charge  for  lightering  in 
eveiy  case. 

The  wagon  haul  is  fairly  easy  at  some  times  of  the  year  in  the  l)road, 
gravel-filled  river  beds.  These  streams  are  subject  to  flood,  however, 
and  such  teaming  is  impossible  at  times.  From  White  Mountain,  on 
Fish  River,  to  Council,  Ophir  Creek,  Gold  Bottom,  and  as  far  as  (xoose 
Creek,  on  the  Casadepaga,  a  useful  type  of  flatboat,  drawn  by  a  strong 
horse,  draws  5  tons  during  favorable  conditions  of  water.  Such  haul- 
ing, when  possible,  reduces  the  freight  over  the  wagon  haul  by  about  40 
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per  cent.  Such  horse  boats  can  ascend  the  Casadepaga  only  during 
June  and  early  July. 

The  freight  rates  from  Teller  to  the  creeks  of  the  Kougarok  district 
were  not  available  in  detail  for  this  report.  Freighting  by  wagon 
haul  is,  however,  carried  on  from  Teller,  York,  and  some  of  the  other 
more  distant  coast  points  of  Seward  Peninsula,  and  the  rates  may 
be  figured  as  higher  than  at  Nome  in  proportion  to  the  increased  cost 
of  supplies  at  those  coast  points. 

On  Ophir  Creek,  in  the  Council  district,  it  has  been  shown  that  the 
larger  companies  can  reckon  on  obtaining  their  supplies  direct  from 
San  Francisco  via  ocean  steamer  to  Cheenik;  flat  steamers,  Cheenik  to 
mouth  of  the  Niukluk;  horse  boat,  Niukluk  mouth  to  Council,  and 
railway  from  Council  to  the  creek,  at  a  cost  of  approximately  2  cents 
a  pound  in  excess  of  San  Francisco  prices.  Table  26  gives  the  loc*al 
freight  rates  from  the  main  suppl}'  points  to  the  creeks. 

Table  26. — Summer  local  freight  and  passenger  rates  from  Nome  to  various  points  in 

Setvard  Peninstdaj  1904. 


Point. 


Method  of  transpor- 
tation. 


General  freight. 


Steamer 
do.. 


Stoamor 
do.. 


Solomon  « 

Kluff«.... 

Cheenik do 

Council Steanierand  flat- 
boat. 

Teller  ft 

York«. 

Kiwalik ■ do 

Deering  « do 

Anvil  Creek Wagon  haul,  rail- 

I       way.  <• 

Cooper  Gulch ;  Wagon  haul 

Moonlight  (lulch ' do 

Bourbon  Creek do 

Dry  Creek do 

Holyoke  Creek ' do 

Dexter  Creek do 

Rufiter  Creek do 

Lillian  Creek do 

OHborne  Creek do 

Seattle  Creek do 

Washington  Creek do 

Moss  (iulch  Creek I do 


Per  ton. 

$15.00 

15.00 

15.00 

27.  50 

15.00 
20.00 
30.00 
30.00 
$10.00-15.00 

10.00 

10.00 

10.00 

5.  00-10. 00 

10.  00-15.  00 

2.00 

30.00 

30.00 

30. 00-40. 00 
37.  50 
30.00 
30.00 


Lumber. 


PerMJl. 

$22.50 
22. 50 
22.  50 
35.00 

22.  50 
30.00 
15.00 
45.00 


Horses 
and 
cattle. 


Pa- head. 

$18.00 
18.00 
22.50 
35.00 

22.50 
30.00 
45.00 
45.00 


Passen- 
gers. 


$7.50 
10.  Qi) 
15.00 
20.  (K) 

15.00 
2(.).00 
:^.  (XI 
30. 00 


a  No  harbor,     ft  Nome  to  Lanes  landing  via  Kuzitriu  River,  %5Q  per  ton.     c  Wagon  h«ul,  l|-ton  rates. 
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Table  26. — Stimmer  local  freight  and  passenger  raie^  from  Xome  to  iHirious  points  in 

Seward  Peninsulay  1904 — Gontinuwi. 


Point. 


Method  of  transpor- 
tation. 


Wagon  haul 
....do 


Peluk  Creek 

Otter  Creek 

Martin  Creek do 

Glacier  Creek do 

Rock  Creek do 

Proepect  Creek do 

Lindbloom  Creek do 

Alpine  Creek do 

Sledge  Creek ■ do 

fiolto  Creek do 

Bangor  Creek i do 

Twin  Mountain  Creek do 

Pioneer  Creek ' do 

Last  Chance do 

Penny  River ' do 

Willow  Creek do 


do. 
do. 


Oregon  Creek 

Nugget  Creek 

Cripple  River \ do 

I 

Nome  River,  head do 


Fountain  Creek 


East  Fork  Solomon  to 
Council. 


do.... 

Stage  line. 


General  freight. 


Per  ton. 

$5.  00-10.  00 

10.00-15.00 

10.00-15.00 

30.00 

30.00 

40.00 

40.00 

40.00 

40.00 

50.00 

60.00 

60.00 

60.00 

60.00 

20.00-30.00 

IW.OO 

100.00 

100.00 

40. 00-50. 00 

100.00 

30.00 


Lumber. 


Honies 

and 

cattle. 


Per  MJt.  :  Per  head. 


Pai«en- 
ger». 


$12.50 


Rates  for  lightering  cargo  at  Nome. 

General  merchandise,  including  small  machinery per  ton. .  $5. 00 

Machinery: 

Two-  to  three-ton  pieces , do 7. 50 

Three-  to  four-ton  pieces do 10. 00 

Four-  to  five-ton  pieces : do 15. 00 

Five-  to  six-ton  piei^es do 20. 00 

Six-  to  seven-ton  pieces <Io 25. 00 

Seven-  to  eight-ton  pieces do 30. 00 

Double-compressed  liay do 5. 00 

Coal  in  sacks do 3. 50 

Coal  put  on  beach  and  piled  up do 4. 00 

Lumber per  M  feet. .     5. 50 

Live  stock per  head . .     6. 00 

Winter  freighting,  by  means  of  horse  and  dog  sleds,  may  he  reck- 
oned at  about  one-half  the  summer  hauling  mtes. 
Bull.  263—05 16 
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From.  Nome  to  Ckmncil,  85  miles,  winter  haul  u 

WarmHstorage  rate,  per  ton ^ $60.00 

ColdHstonige rate,  perton 40.00 

Passenger  rate,  forty  hoaiis 15.00 

Summer  local  freight  raieafrom  Solomon  to  wxrioua  pomtg, 

Perton. 

Mouth  Shovel  Creek.. |8.00-$12.00 

Hurrah  Creeko 10.00 

Willow  Creek 90.00 

Ruby  Creek 80.00 

Mystery  Creek 15.00 

WestCroek 12.50 

East  Fork  Creek 16.00 

Down  coast  to  Spruce  Creek 12. 50 

Summer  local  freight  rates  from  Coun^M  to  various  points. 

Perton. 

No.  15,  OphirCreek  (railway) $10.00 

GoldBottom  (horse boat) 30.00 

Gold  Bottom  (wagon  haul) 60.00 

Lower  Casadepaga 75.00 

CUSTOMS  BBOUIiATIOKS. 

Considerable  delay  and  confusion  have  been  caused  in  the  past  by 
shippers  not  understanding  the  requirements  of  the  United  States  and 
Dominion  customs  departments.  The  following  information  is  given 
for  the  guidance  of  shippers,  and  the  instnictions  herein  contained 
must  be  strictly  adhered  to: 

Shipments  of  goods  from  United  States  ports  via  Skagway,  des- 
tined to  Eagle  City  and  other  lower  Yukon  River  points  in  transit 
through  British  Columbia  and  Yukon  Territor^^  must  be  accompanied 
by  4:  certified  copies  of  invoices  and  2  copies  of  bills  of  lading.  All 
of  these  papers  are  necessary  for  customs  purposes  at  Skagway. 

Goods  shipped  from  United  States  ports,  destined  to  points  in 
Alaska  via  Skagway  and  Yukon  River,  are  bonded  through  Canadian 
territory  duty  free. 

Charges  for  preparing  customs  papers  by  the  customs  agent  of  the 
White  Pass  and  Yukon  route  will  be  as  follows:  For  preparing  ship- 
per's manifest,  50  cents;  transportation  and  exportation  entries  will 
be  charged  for  on  basis  of  actual  cost  to  the  White  Pass  and  Yukon 
route. 

The  customs  agent  will  notify  the  agent  of  the  White  Pass  and 
Yukon  route  at  Skagway  station  of  the  amounts  to  be  assessed  on 
above  account,  and  the  same  will  be  placed  against  each  shipment  as  a 
back  charge. 

a  Under  exceptionally  favorable  conditions  large  lots  have  been  landed  San  Francisco-Little  Hur- 
rah Creek  as  low  as  817  per  ton. 
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DiflBculties  of  a  peculiar  nature  are  experienced  by  the  placer  miners 
of  interior  Alaska  owing  to  the  configuration  of  the  international 
boundary  between  the  Territory  of  Alaska  and  the  British  posses- 
sions. The  town  of  Dawson,  being  the  largest  settlement  of  the  inte- 
rior, is  naturally  the  point  where  mining  supplies  are  most  easily'  and 
quickly  obtained  by  the  placer  miners  of  the  neighboring  American 
camps  of  Birch  Creek  and  Fortymile,  the  Rampart  district,  and  others 
of  the  Yukon  and  Tanana.  During  tlie  season  of  1904  the  rapid  and 
to  a  certain  extent  justifiable  development  of  the  town  of  Fairbanks, 
on  Tanana  River,  gave  promise  that  this  settlement  would  eventually 
become  as  well  equipped  to  supply  the  needs  of  the  Tanana  miners  as 
is  Dawson.  The  American  Yukon  camps  must,  however,  for  a  con- 
siderable number  of  years  be  locally  dependent  on  Dawson  as  a  source 
of  supplies. 

Theoreticall}^  the  miners  are  supposed  to  buy  their  mining  sup- 
plies and  machinery  either  at  points  in  the  United  States  or  at  towns 
on  the  Yukon  in  American  territory.  Such  supplies,  of  course,  if 
shipped  down  the  Yukon,  come  through  the  Canadian  territory  in 
bond  free  of  duty.  In  practice,  however,  owing  to  the  necessity  of 
obtaining  supplies  quickly,  purchases  are  made  in  Dawson,  and  unless 
the  supplies  can  be  proved  to  be  returned  American  goods  the  Amer- 
ican miner  niust  pay  duties  to  the  United  States  custom-house  at 
Eagle  according  to  the  rates  given  in  the  following  list.  Frequently 
duties  must  be  paid  even  on  supplies  made  in  the  United  States  and 
returned,  since  there  is  no  manufacturer's  mark  by  which  the  customs 
inspector  can  identify  them.  This  especially  applies  to  such  impor- 
tant mining  supplies  as  small  parts  of  boilers,  tubes,  pipe,  pipe  fittings, 
elbows,  T\s,  unions,  grate  bars,  sledges,  drill  steel,  picks,  shovels, 
pump  plungers,  buckets,  valves,  small  car  wheels,  strap  iron,  rails, 
bar  and  rod  iron,  and  small  castings.  Even  larger  pieces,  such  as 
parts  of  hydraulic  giants,  are  frequently  unstamped.  These  supplies, 
kept  for  sale  by  the  machinery  firms  of  Dawson,  frecjuently  pay 
customs  duties  both  to  Canada  and  the  United  States  before  reaching 
the  Alaska  camps.  Dawson  is  frequently  sought  by  the  American 
miners  in  the  midst  of  the  short  season  for  the  purpose  of  repairs 
to  various  mining  mac*hinery,  it  being  the  only  place  accessible  on  the 
Yukon  where  machine  shops  exist.  It  maj^  easily  be  seen  how  burden- 
some on  the  miner  is  the  imposing  of  a  duty  on  his  machinery  which 
he  brings  back  into  American  territory  after  repairs,  and  on  which  he 
must  pay  a  duty  because  it  lias  been  improved  or  changed  in  foreign 
territory. 
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Below  are  given  the  United  States  customs  duties  on  small  mining 
supplies: 

United  Stales  customs  duties. 


Articles. 


Boilers  and  engines,  first  and  second  hand 

Points  (steam),  sluice  forks,  picks,  shovels,  axes 

Sledges 

Drill  steel 

Hydraulic  hose 

Cast  pipe 

Hydraulic  pipe 

Gas  pipe 

Rubber  hose 

Coke.... 

Bituminous  coal 

Dynamite 

Black  powder 

Caps 

Fuse 

Candles 

Nails,  wire 

Nails,  wrought  iron 

Steel  rails 

Wire  cable 

Centrifugal  piim|MJ 

Sawed  lumber 

Wheelbarrows,  iron 

Rope 

Self-dumping  carriers 

Asphalt  coating 

Hydraulic  giants 

Lubricating  oils 

Copper  plates 

Cement 

Quicksilver 

Iron  castings 

Iron  castings,  ground  and  fitted 


Duty. 


45  per  cent  ad  valorem. 
45  per  cent  ad  valorem. 
1}  cents  per  pound. 
4.7  cents  per  pound. 
20  cents  per  pound. 
4.7  cents  per  pound. 
2  cents  per  pound. 
35  per  cent  ad  valorem. 
30  per  cent  ad  valorem. 
25  per  cent  ad  valorem. 
67  cents  per  ton. 
6  cents  per  pound. 

6  cents  per  pound. 
$2.36  per  thousand. 

45  per  cent  ad  valorem. 

25  per  cent  ad  valorem. 

One-half  cent  per  pound. 

2\  cents  per  pound. 

Seven-twentieths     cent     per 
pound. 

1   cent  per  pound   and  40  per 
cent  ad  valorem. 

45  per  cent  ad  valorem. 

$2  i^er  thousand  and  50  cents 
for  each  side  dressed. 

45  per  cent  ad  valorem. 

1  cent  per  pound. 

45  per  cent  ad  valorem. 

$3  per  ton. 

45  per  cent  ad  valorem. 

25  i>er  cent  ad  valorem. 

2\  cents  per  pound. 

8  cents  per  100  pMDunds. 

7  cents  per  pound. 
Eight-tenths  cent  per  pound. 
45  per  cent  ad  valorem. 
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It  should  be  stated  that  there  is  a  duty  on  all  horses,  cattle,  sheep, 
and  dogs*"  entering  Alaska.  Thus  a  dog  team  coming  down  river  from 
Dawson  in  the  winter  is  dutiable. 

During  the  season  of  1904:  a  United  States  customs  inspector 
accompanied  the  Yukon  steamers  from  Dawson  with  shipments  from 
that  point  to  Fairbanks,  in  order  to  obviate  the  long  delays  which  had 
previously  been  necessary  for  appraisement  at  Eagle. 

Owing  to  the  export  duty  on  gold  which  is  charged  by  the  Canadian 
government,  some  diflSculties  have  been  experienced  by  Americans 
who  bring  gold  mined  in  Alaska  Territory  through  Canadian  terri- 
tory, via  Dawson,  en  route  to  the  United  States.  The  Canadian  gov- 
ernment naturally  assumes  that  all  gold  found  on  south-bound  pas- 
sengers leaving  Canadian  territory  at  White  Pass  has  been  mined  in 
Canada.  Such  gold  is  therefore  liable  to  confiscation  by  the  oflScers 
in  charge  of  collection  of  royalty  unless  the  bearer  is  provided  with  a 
properly  ratified  certificate  stating  that  the  gold  is  of  foreign  produc- 
tion. American  miners  should  obtain  such  a  certificate  at  Eagle  from 
the  United  States  authorities  (fee,  10  cents)  and  have  the  same  ratified 
at  Dawson  by  the. Canadian  police  (fee,  50  cents  for  gold  from  1  to 
25  ounces,  $1  for  25  ounces  and  upward).  All  individuals  leaving 
Yukon  Territory  for  United  States  territory  are  strictly  searched  for 
gold. 

The  regulations  in  regard  to  boats  coming  down  the  Yukon  into 
United  States  territory  must  also  be  taken  into  consideration.  No 
boat  or  scow,  not  a  regular  carrier,  can,  for  example,  make  the  journey 
from  Dawson  to  Circle,  caiTying  over  5  tons  of  freight.  This  is 
especially  burdensome  on  settlers  who  wish  to  outfit  at  Dawson  and 
float  their  goods  down  the  Yukon.  The  situation,  owing  to  the  con- 
ditions, is  undoubtedly  a  burden  of  extra  expense  on  the  miner,  but  is 
unavoidable,  and  must  be  reckoned  with  in  any  estimate  of  expenses 
attending  the  prosecution  of  placer  mining  in  the  Alaska  interior. 

TEIiEGRAPII  RATES. 

By  means  of  the  United  States  military  telegraph  line  in  Alaska, 
including  the  wireless  system  from  St.  Michael  to  Port  Safety  and  the 
Seattle-Sitka-Valdez  cable  with  connection  to  Juneau  and  Skagway,  an 
^11- American  service  is  now  maintained  from  all  important  points  of 
Alaska  (except  Circle)  to  the  outside  world. 

The  rates  for  the  military  service  in  Alaska  are  based  upon  a  tariff 
of  2  cents  per  word  for  each  100  miles  or  fraction  thereof,  address  and 
signature  not  counted,  a  message  of  less  than  10  words  being  charged 
for  as  a  10-word  message.     During  the  month  of  September,  1904,  a 

a  Horses,  value  $150  or  less,  S30  per  head;  over  Sl'M),  25  per  cent  ad  valorem.    Dogs,  20  per  cent  ad 
Talorem;  cattle,  t2  per  head,  under  1  year  old;  others,  27|  per  cent  ad  valorem. 
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cable  line  was  completed  between  Sitka  and  Valdez,  which,  with  the 
Sitka-Seattle  cable,  completes  the  American  telegraph  service  to  all 
parts  of  Alaska.    Through  10-word  rates  from  Seattle  are  as  follows: 

Ttitgrt^h  rata  from  Seattle  to  yotnla  in  Aliuta. 


Jnnean 2.75 

Sbagway 3.00 

V»ldes 3.50 


Nome  . 


RampATt.. 


."S-S 


FidrUnka "3.50 

DISTAKCBB  AKI»  COBT  OF  SVFTIAES. 

Tables  Nos.  37,  28,  and  29  give  approximate  distances  in  Alaska. 
Tablb  27. — Diilanat,  tn  ffiite,  beheem  tomru  tn  Abuka,  txdudmg  Seward  PtntnuUa. 

T 


Vkldei 

Bt.  Mlchuvl.. 


ralit«DkB.. 


Panymllc 


'36  ceoU  etch 
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Table  28. — Distances,  in  miles,  between  points  on  Seward  Peninsula. 


Nome. 

Chee- 
nik. 

Coun- 
cil. 

Bluff. 

Solo- 
mon. 

Teller. 

York. 

Kewa- 
lik. 

Blos- 
som. 

Cheenik 

90 
135 
65 
34 
100 
110 
345 
310 
360 

• 

Ck)uiicil 

45 
25 
56 
190 
200 
435 
400 
450 

Bluff 

70 
101 
235 
245 
480 
445 
495 

Solomon 

31 
165 
175 
410 
375 
425 

Teller 

134 
144 
379 
344 
394 

York 

45 
280 
245 
295 

Kiwalik 

235 
200 
250 

Bloasom 

55 
7 

Candle 

62 

Table  29. — Distances  from  main  supply  points  in  Alaska  to  neighhoring  creeks, 

FROM  CIBCLE. 

Miles. 

Diggings  on  Deadwood  Creek 40 

Mouth  of  Boulder  Creek 86 

Junction  of  Mastodon  and  Independence  creeks 47 

Mouth  of  MUler  Creek 46 

Junction  of  Mastodon  Fork  and  Eagle  Creek 63) 

FROM  FAIRBANKS. 

Gilmore  at  crossing  of  trail 14 

Junction  of  Twin  and  Pedro  creeks 18 

Junction  of  Wolf  and  Cleary  creeks 24 

Fairbanks  Creek  at  mouth  of  Alder  Gulch 27 

FROM   NOME. 

Discovery  on  Anvil  Creek 4 

No.  3  above  on  Glacier  Creek 1\ 

Junction  of  Grass  Gulch  and  Dexter  Creek 7 

Cooper  Gulch 4 

BourV>on  Creek  (passes  through  Nome). 

Holyoke  Creek 2J 

Dexter  Creek 7 

Buster  Creek 9 

Lillian  Creek 11 

Osborne  Creek 7 

Seattle  Creek 22 

Washington  Creek 6 

Moss  Gulch 6J 

Peluk  Creek 2 

Otter  Creek .• 3J 

Martin  Creek 2J 

Rock  Creek H 

Prospect  Creek 12 

Lindebloom  Creek 11 

Alpha  Creek llj 
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MUfli. 

Sledge  Creek 13 

Balto  Creek 12} 

Bangor  Creek 17 

Twin  Mountain  Creek 16 

Last  Chance  Creek 20 

Penny  River - 11 

Willow  Creek 10 

Oregon  Creek.. « 19 

Nugget  Creek 18 

FROM  SOLOMON. 

Mouth  of  Shovel  Creek 6 

Mouth  of  KasBon  Creek -. 10 

Mouth  of  Big  Hurrah  Creek 8) 

Mouth  of  East  Fork 11 

Mouth  of  Coal  Creek 15 

Head  of  Ruby  Creek  (OasadeiHiga  drainage) 20 

Head  of  Penelope  Creek  (Casadepaga  drainage) 21 

Mouth  of  Goose  Creek  (Casadepaga  drainage ) 25 

« 

FROM  COUNCIL. 

Mouth  of  Ophir  Creek 2} 

Mouth  of  Dutch  Creek. 8 

Mouth  of  Crooked  Cxeek "■   11 

Mouth  of  Basin  Creek 2 

Junction  of  Gold  Bottom  and  Warm  Creek 8 

Mouth  of  Mystery  Creek 4 

FROM  TRLLER. 

Bering  Creek 13 

Mouth  of  Bight  Fork  of  Bluestone  River 15 

Mouth  of  Alder  Creek 17 

Mouth  of  Ruby  Creek 13 

Mouth  of  Sunset  Creek 3J 

Marys  Igloo 50 

FROM    MARYS   lOLOO. 

Quartz  Creek , 24 

Angeles  Creek 33 

Goodall  Creek 43 

Homestake  Creek 52 

Macklin  Creek 56 

North  Fork  of  Kougarok  River 21 

Harris  Creek 20 

Mouth  of  Baldy  Creek 20 

Mouth  of  Portage  Creek 22 


PUUNOTON.] 


COST   OF   SUPPLTES. 


249 


I 


I 

u 

s 

I* 


H    M 


^  d  ^  - 


V 
ji 


it 


5SS 


$  :s  Si  s  i 


Soo 


U   9} 


m 
M 

5 


s 


8 

tf?      OD      l-H 

ci  i-T  .-i' 

«»    Q»    Q» 


I! 


0) 

5 


^ 

^ 


S 


E 


o 
« 

n 


a 
a 

9 
CO 


O 
£ 

c 


c 


u 


§1 


o 


Wi 


a 

%. 

Q 


0 
O 


en 

Wi 

A 


I 

■a 


S.sisa^2sis 


»c 


u    u    u 


8 


c    o 


a. 


s 
-•J 


c 


0)  1^ 
3  3 
03    cc 


S     M 


s 


^ 


t2  *»      3     3 

^  3  ^  z: 


■a 
t 

O 


**  3 


2 

£ 

»« 

»« 

0; 

0) 

^ 

^ 

as. 

g 

t 

o 
.a 

5 

0) 

3      • 

C     3 

►-    •- 

4) 


§1 

I  *"  4i  ^  I  5 


Wi 


S^  ^  li 


S  H 


s. 


t 


QC 


3 


«   o 
.:4 


X  ^  I  -:  r- 


s 


8  8  3 
§■5  S  I  ?  S*  S*  si  si  -^  tf 


s 

u 

s 


5;       S 


^ 


^     -s 


3  ©li^f; 


i^GM 


J  £  £  £   o   §.£ 


o 


S>SS«»SSS85iS»i<?S      S 


%, 


8      cj 


S&    s 


00 


s*22:gA| 

osHZI  y  I  e 
^  B  g  Sso 

0*   .§iJ'*'*8 
3  C  «*  >  x21 

S  Q  4;  eSj3 

S  «  ^  J^  be  fc,- 

tf  c  **     ►      ^ 

'35  i'^ 


I. 


■  3 

35  a 

tf  jS  «8 

*!§ 

3  o" 

lis 

«rf  oS  p 


S     B 


=2 


Espial 


U%  i 


e8      3 
;^^  3 


250 


GRAVEL    AND   PLACER    MINING    IN    ALASKA. 


[bull.  263. 


s 
s 


S 
o 


C 

U4 


a 


S 

a 

9 


N 

o 


8  Z 

US  %. 
5»  S^  4^ 


hi    t- 

•       * 
Q    to 

35  ote. 

W  <•  CO 


*«    So   N 
N    t«    •-* 

W    <•    t/f 


o 


s»    ^ 


2    £ 


u    P. 


^    oi    ^ 
O.    O.    P< 

S  I'-  S 


•»«»«> 


I'- 


C   C4 


«>«»«» 


I 


90 


.J 

CQ 


V 

I 


a 


3{ 
O 

c 


5i  S  S» 


a  ci. 


•    iQ     Q     O  ^_ 


0^  tf» 


k,       Wi 


u  fc<  ^ 

4*  a>  o 

Cl.  o.  c 

f\  ^  ^ 

<r>  <^  «r> 


^-     t-     S    « 


o 


o 


—  w 

»c    JC    cc 


3 


5  i 

'■£>     Q 


O         a>         O         il         a^ 

^    ^    ^    >    c 

9    5    5^2 


•&  ^ 


c 


c  t   -: 


•r; 
t£ 


U  '^  "w 


0/ 

^0 


—     « 


i-i 


V. 


s 


a  .2 

d    o 


I 


c 

T 

c 

^        • 

^  r 


5 1-5  '^g  ^s  ^  i 


s 

3 


3 
C 


c 


X 


3 

o 


3 

X 


■J 


c^    "O    "C     •'• 


^»     .*■«    .•"  ?  ^  "^J 

"5.  c.  3  S-  £"  'w 

«    ^     £  .5  ^  rS 

jr  j=  "P  ^  "^^  . 

.-  .=  *"  a  c  o 

-•   iw    i>  '^  X  K 

s 

n 


:=    a 


Cj      w 


-i  i 


ab    t^    ii 


PURINGTON.] 


COST   OF   SUPPLIES. 


251 


8 


•o 


lO 


«0» 


5 

a 

•a 
n 


^*  ^* 

» 

^    ^H 

h 

h   hi 

• 

^  s 

s 

• 

V    o 

s 

00    t* 

I& 

• 

60 

OB 

.a 

9> 

££. 

s 

a; 


u 


?£     a 


a 


Wi 
«»    r-l 


W    M>    00    W 


lO 


00 


u 

o 


^  .o  ^ 

rH  ^N  «^ 

h  h  H 

;j  i  i 

u  u  o 

lO  lO  lO 

1-1  ^  »-« 


hi 


00 


1 

hi 


h« 

s 


8>1 


^ 


?^ 


s  s 


^  a  s 


o   -g    ^ 

S    &    C4    & 


0) 


s. 


dJ    si 

be    60 

lO    o 

■  « 


hi 


2 


hi    u 

M     CO 


O 

'A 


4>     ^ 
CIQ    U 


N 

c 


bo 


g  3, 
hi  hi 

^^ 
id  s 

o    o 
2  2 


J3 


tf? 


a  a  ^T 


s 


Si  5 
S  c^  §^  & 


s 


s 

s 


to 


^  3  3    S 
y    w    u 

2  ;q  8  S 


»o 


S-S 


^B 


eouo  C 


ST'-'  — '       .    Wm    hi 


8       ^ 


lO    t^    <» 


C 
Ok 


60 

a 


OS 
Si  «8 


S 


a  ■§  «  S  S  4  2  5  s  2-  «  qT 


£5 


£ 


£  S 


ace 

•4a    tmr    r-4 


a 

OS 

«^ 
9 
O 


•-i«*^^«eo  X  00  9 
O  oj  g  «  C^  - 
QoiS  M  60   .*« 

O  --"S  hi  ^S 


cfr-E  2.0  5  2 
j3  ..-r  ..<©  o^ 

o      ."*  iO  ^  5  S 


■1?§ 


2 

£ 


c^   ei 


•4 


252 


GRAVEL   AND  PLAOEB  XINIKG   IK  ALASKA. 


[BUU..1 


I 


^4 


tm 


&I 


i 

s 


I 


s      o 


JS     £ 


iiii 


& 
^  1 1 

S     8    88 


I 

i 

o 

9 


iO   A 


sasasSSsss  S 


I 


I 


i 

s 


o 

00 
H 
09 

Eh 


Si 


o 

a 


I 


ft 
a   a 

8 


S 


8 

s 

S 


1 

s 

8 


I 


S 


3 

o 


SiB  «^       ««      Vm       4J      A 

hi  U      U      Oi     U      U 


I     KK 


s 

u 

s 


s. 


_         o    o    »* 


u 
«  o 


a 


00 


8 


CO 


a  § 

?  ja  a 


t>     c     t» 


•2  A  -S        9 

*h     r-4     Jb 


d 


o 
.a 


xi  xs  xi  js 
o  o  o  u 
fl   a  a   d 


^ 


c 


iil 


§: 


e  c 


e 


1 5  2  S  I  ja  I 

a  OQ   OD  OQ   fi  H        ^ 


I 


PUBINOTOH.] 


COST   OF  SUPPLIES. 


268 


^  <^  ^ 


^  t*  ^ 

u  o    u 

_f  &       • 

S  8  7 


s 

si 


fe  ^*  ^*  2L 

•  a  a  Q 

Q  O  O  <S 

"7  00  00  fi 

lA  f-l  r-l  e« 


^ 

^ 

.o 

hi 

h 

h 

&S. 

^ 

• 

a 

• 

5 

B 

a  B 

kO 

fi 

3 

^   eo 
^    1-1 

t^    ^    u 

sag 

»0    ift    2 

♦*   ♦*  2 

^  ^  s» 


A  ^  ^ 


^21  ^ 
s  s  s 

V     V    o 

iS  ^  :s 


§!§§ 


S 

o 


3 


S  5  "" 

1.8  S. 
«  »«  a 

s  s  s 


3? 


^    u    u 

S  a  a 

4fr   n    n 


is 

a  i 

lA    «0 


»4        U 

a  a 


o 


lUl 


a 

0 

a 


.a 
o 

a 


•9 

a 

a 


u    u 

a  ^ 

oo  00 


S.i 
a  :i 


^  ^ 


s 


§ 

2 

o 


a  a 
8  s 


•A 


s 

s 
s 
ft 


S  s  S  S 


£ 

as 
CO 


s 
s 

o 

s 


.a 

K 
a 

o 


S    -9   J4     g 


n     rH     C4     eo 

8a>   6   d   6 
..   5.  S5  S5  Jz; 


li 


a 

s 

a 

< 

I 

a 

ft* 
(ti 


»4     ^     ^ 

|aa 

^    ri    t^ 

m  5(  5» 


1-1 


CO 


£  £  £ 

h  h  »< 

s  :^  s 

u  u  « 

^  O  Q 

1-1  -^  ^ 


*-  £ 

a*    5. 


h.  ^  ^ 

ge  «  « 

^  »o  t^ 

Q  l-H  «>i4 

7  Q»  «» 


a   a 


£  £  £ 

h  »«  ki 

is  a  a' 

«  u  o 

S  8  3 


Z  £ 

se  si 


> 

V 


S  S.S 
3  ft  s 


o 

ft 


I 

s 

8 


21 
♦*♦*■♦*• 

>  >  >  a 

O    O    V    c» 
h    h    hi  9 

^     A     q>    m 
Pi     Ml     M«     Q 


«  a 

*"  t-<  ♦* 
«   o  o 


2 

^  8£ 


£ 

*  £  £  £ 

^     ftri      »«      Wi 

a  S.S.S. 
o»  ^  a  a 

Q     O     O     U 

00  3  ^   ^ 


•M    ^H    .D 


8 

o 


If 

1 

a 

§. 

Is 

1-1 

to 

00*0 

w4 

s 

s 

^£   . 


*      ®      *«      CO  "      fc-      « 


a  a 

2  2 
9  ^ 


^  § 

a 
§ 


2   a^a 

5  §s 


2 


2  2s 

t«    A    Q» 


•2.  IS 

-  i  " 


£     8 

3   :2 


h 
i 


o     a 


^£ 


a 


K 


K 


S  S  » 


^    s 


5    ^ 


£  "^ 
M  Id 

a 

o 


a 


a  a 

$  8 


e9 


h*  rH 


is 


N 

o 
•a 


wg'2  2 


a 


«  00  f-i       »o  »S  :?■  c^ 

•-I     rH     rH  r-l     C^     C4     rH 


hi 

lo  a  a 

SS  cT  8 


•o 

i 

2   S  « 

ii    g  § 

cB    c  2 

te  S  Q 

ft.  ""  ■"* 

a    a>  a> 

a   a;   s    Gd  8 

1,21 


a    t; 


S  S  K 


B 

8 


s 

I 

> 


2 
*s 


I 


•a 
a 


Am  S  &    S^AS    Sod* 


a 
B 

9 

go 
obS 

JO'S 

M 

2,8 

.« 

II 

m  O 

•sl 

a^a 


254 


aBAVEL   AKD   PLACES  MINTNG   IN   ALASKA. 


[WOhUi 


a 

o 


i 
I 


I 


1 


o 

U 
P 


S 

a 
^ 


« 


p 


0) 


a 

oS 


3 

a 


si 


IR 


S  8 


3 

S888SS8S 


B 
S  ^ 
da 


II 
hi  k 

S.S. 

s  s 


^  ^  I 


C9 


€  S  !S 


Au^u^u^us;iu 


•a 
I 

sis 


fc,    fc,   "O  "O    J* 


8  2 


to 


c 
2! 


a 

(^ 


s,  * 


% 


^ 


8  ^  .<?  2  ^  S 


»4 

3 


?  ^  < 


8 

*0> 


t 


B   o 


§  S  S. 


go   *:•-.    —   rH   "^   o    "i^   -■:    ^ 


g 
^ 


a 
2 

a  c 
o   Q 


'3 


•5  2  tJ  8^  «» 

^2  S  2  2^  i 

^      o      .«  •«      ^ 


x: 

u 


iC    o 


a> 

o 

X' 

'or. 


c 


3 


o  Xi  x> 

•5  2  2 

S  -  - 

4!     C     ^<  O  O 

>'  £    o    B    a  '°  '^ 
H  O  O  ^  J 


a 
b  b  ^ 
O  O  PQ 


c; 
Q 


c 


2 


U 
OQ 


PTTRINGTON.]        GBAVEL   AND   PLACER   MINING   IN    ALASKA.  255 

liEGAIi  CONDITIONS  LNT  1004.a 
INTRODUCTION. 

After  an  investigation  of  the  present  conditions  in  the  new  so-called 
Fairbanks  district  of  Alaska,  situated  on  Xanana  River,  I  was  forci- 
bly impressed  with  the  urgent  need  of  a  change  in  the  present  location 
law,  which  allows  the  location  of  placer  tracts  by  representation.  An 
individual  holding  twenty  or  fifty  powers  of  attornc}^  from  other  citi- 
zens of  the  United  States  may  go  alone  into  a  wild  and  unknown  dis- 
trict and,  by  staking  claims,  each  of  20  acres,  tie  up  whole  creek 
valleys  which  are  by  this  process  withdrawn  from  the  area  of  public 
lands  for  a  period  generally  amounting  to  eighteen  months. 

The  location  of  the  claims  is  then  recorded  in  the  nearest  recording 
office  in  the  names  of  the  men  who  may  be  in  San  Francisco,  Chicago, 
or  New  York.  The  ownership  of  the  claims  may  afterwards  be  changed 
ad  libitum  by  the  passing  of  quitclaim  deeds.  The  locator  can  have, 
under  the  law,  but  one  claim  by  right  of  location  on  each  creek;  but 
by  exercising  the  right  of  representation  he  withdraws  from  the  pub- 
lic domain  as  many  miles  of  creek  beds  as  he  can  traverse  and  stake. 
On  each  claim  he  is  required  to  do  no  work,  beyond  sinking  a  small 
discovery  shaft,  for  the  remainder  of  the  year  in  which  the  location  is 
made  and  up  to  the  end  of  the  ensuing  year.  Thus  in  any  placer 
district  in  which  the  auriferous  gravels  have  an  economic  value,  and 
into  which  prospectors  are  continually  pouring,  as  in  the  new  Fair- 
banks district,  many  bona  fide  miners  willing  to  search  for  gold  to  the 
extent  of  their  physical  and  financial  resources  are  rendered  powerless 
through  circumstances  which  they  can  in  no  way  control  or  by  any 
possibility  foresee. 

The>4e  men,  willing  to  undergo  the  discomforts  of  an  inhospitable 
country,  either  find  themselves  idle  in  a  remote  community,  where  liv- 
ing is  expensive,  or  are  compelled  to  make  journeys  of  four  or  five 
days'  duration  from  the  base  of  supplies,  and  pack  their  provi.sions, 
blankets,  and  tools  on  their  backs  to  find  ground  that  has  not  been 
staked. 

It  may  be  objected  that  each  man  has  an  equal  opportunity  to  reach 
a  given  piece  of  ground  first.  This,  however,  is  hardly  the  case.  The 
resources  of  the  men  who  unite  to  send  an  individual  to  Iwate  for  them 
by  power  of  attorney  are  generally  greater  than  those  of  the  individ- 
ual who  singly  goes  out  with  the  purpose  of  locating  one  claim  for  his 
own  operations.  The  power-of -attorney  man,  equipped  with  a  better 
outfit  and  very  likely  dogs  or  horses,  can  go  farther  and  stay  longer 
than  the  prospector  of  limited  resources. 

a  I  have  diacuHsed  at  Rome  length  the  legal  conditions  of  mining  and  the  abuses  prevailing  under 
the  present  law  in  Alaska  in  a  report  made  to  the  "Public  LandM  Commission."  recently  app>ointed 
by  the  President.  In  the  same  report  I  have  embodied  suggestions  for  a  revision  of  the  present  law 
as  far  as  it  pertains  to  placer  mines  in  Alaska. 
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Furthermore,  the  man  who  locates  for  others,  if  he  does  not  repre- 
sent persons  living  altogether  at  a  distance,  is  frequently  sent  out  by 
men  whose  interests  are  entirely  inimical  to  the  proper  development 
of  the  region — namely,  saloon  keepers,  nonproducers,  "tin  horns" 
(gamblers),  or  other  riffraff  such  as  are  generally  found  in  the  new 
American  mining  camp.  They  have  rarely  the  intention  of  operating 
the  claims  lc)cated  in  their  names  and  thus  producing  gold.  They  hold 
the  claims  in  the  hope  that  the  camp  will  boom,  that  inexperienced 
outsiders  will  come  in,  and  that  in  the  ensuing  excitement  they  may  sell 
at  a  figure  based  on  the  supposed  value  of  the  unprospected  ground. 

In  the  Fairbanks  district  portions  of  3-mile  stretches  on  three  creeks 
are  producing  gold.  Other  portions  within  this  producing  area,  as 
well  as  lengths  of  from  3  to  10  miles  on  six  other  creeks,  are  hardly 
prospected,  are  not  producing,  and  are  entirely  withdrawn  at  present 
from  exploration  or  exploitation  through  the  process  of  the  empowered 
staking  above  refeiTed  to.  It  is  estimated  that  2,000  persons  will 
spend  the  winter  in  the  district.  Of  these  at  least  1,200  will  be  able- 
bodied  workingmen.  The  operations  will  afford  work  for  possibly 
600  men.  One-half  the  remainder  at  least  would  prospect  and  develop 
new  territory  were  it  not  for  the  nearly  insuperable  difficulties.  The 
provisions  of  the  present  location  law  are,  in  my  opinion,  largely 
responsible  for  these  difficulties. 

In  the  portion  of  the  Alaska  interior  lying  between  Yukon  and 
Tanana  rivers  the  auriferous  gravels  occup}^  a  wide  area.  The  over- 
coming of  the  purely  physical  obstacles  to  exploration  is  arduous, 
and  many  miles  of  creek  valleys  will  be  located  as  means  of  commu- 
nication become  established.  If  this  large  area  and  other  areas  yet 
to  be  explored  are  allowed  to  be  progressivel}-  withdrawn  from  jx)s- 
sible  gold  production,  the  result  will  be  a  distinct  detriment  to  the 
development  of  Alaska. 

A  continuation  of  the  anno3'ing  and  injurious  effects  of  the  law  is 
afforded  by  the  early  history  of  the  Nome  gold  district  of  Seward 
Peninsula,  where  the  conditions  were  as  follows: 

Nearly  every  individual  located  not  only  for  himself  but  also  for  his  many  friend* 
by  power  of  attorney.  To  such  an  extent  was  the  j>ower  of  attorney  here  abuseil 
that  more  than  7,000  acres  of  ground  were  locattnl,  so  that  the  several  thousand 
Americans  who  arrived  later,  finding  no  unstaked  groimd  anywhere  in  the  vicinity, 
justly  raised  a  somewhat  bitter  conjplaint/' 

The  practice  of  exercising  the  power  of  attorney  is  increasing  in 
Alaska  at  present,  and  its  abuse  warrants  the  summary  suspension  of 
it  if  this  l)e  possible. 

In  September  I  visited  the  principal  creeks  on  which  gold-mining 
operations  are  being  prosecuted  in  the  Nome,  Solomon,  and  Council 

nSchrndcr.  F.  (\,  and  Brooks.  A.  H..  Preliminary  Report  on  ilieCape  Nome  Gold  Region,  U.S.  <;*n>l. 
Survey.  1900,  p.  32. 


puBiNOTON.]  LEGAL   CONDITIONS   IN    ltt04.  257 

districts  of  Seward  Peninsula.  Although  the  investigation  of  the 
legal  conditions  pertaining  to  gold  mining  was  not  called  for  by  my 
instructions,  certain  facts  regarding  these  conditions  were  impressed 
upon  me.  Indeed,  it  is  impossible  for  an  observer,  impartially  dis- 
posed, to  go  about  the  mining  districts  of  Seward  Peninsula  and 
not  seriously  question  the  applicability  of  the  present  location  law  to 
Alaska  conditions. 

It  is  true  that  $100  worth  of  work  is  bj'  law  actually  required  on 
each  20  acres,  but  the  statute  is  so  looselj'  framed  tliat  the  $100  worth 
of  work  is  now  done  universally  on  each  160  acres,  not  only  in  Alaska 
but  in  all  parts  of  the  United  States  where  placer  mining  is  conducted. 
Moreover  I  have  observed  that  this  $100  worth  of  assessment  work  in 
all  mining  territory  is  little  more  than  a  farce.  The  suggestion  that 
$100  on  each  20-acre  tract  be  used  in  making  survey  and  plat  of  the 
claim  the  first  year  is  worthy. of  consideration. 

APPLICATION  OF  THE  PRESENT  MINING  LAW  TO  ALASKA. 

The  following  order  of  the  Secretary  of  the  Interior,  dated  July 
28,  1885  (Land  Office  Decisions,  vol.  4,  p.  128)  extended  the  regula- 
tions of  the  General  Land  Office  to  Alaska. 

In  pursuance  of  the  eighth  Hection  of  the  act  of  Congress,  approved  May  17,  1884, 
entitled  "An  act  to  provide  a  civil  government  for  Alaska*'  (23  Stat.,  24),  it  is  hereby 
presiTibeil  that  the  rules  and  regulations  of  the  (general  Land  Office  and  Department 
of  the  Interior  governing  the  administration  of  the  mining  laws  of  the  United  States 
be  adopted  for  and  extended  to  the  dit^trict  of  Alaska,  so  far  aa  the  same  may  be 
applicable. 

It  is  evident  that  the  various  provisions  in  Revised  Statutes,  Title 
XXXII,  chapter  6,  defining  the  United  States  mining  laws,  apply 
fully  to  Alaska. 

Sec.  2329.  Claims  usually  called  placers,  including  all  forms  of  deposit,  except 
veins  of  quartz,  or  other  roi*k  in  place,  shall  be  subject  to  entry  and  patent  under 
like  circumstances  and  conditions  aa  are  provided  for  vein  or  lode  claims. 

Lindley  on  Mines  says  (vol.  1,  sec.  432)  that  this  has  been  construed 
to  mean: 

(1 )  That  there  must  be  a  discovery  upon  which  to  base  the  location. 

(2)  The  location  must  be  marked  upon  the  ground  so  that  its  boundaries  can  be 
readily  traced. 

DISCOVERY. 

According  to  the  accepted  interpretation  of  the  law  in  the  mining 
States  of  the  United  SUites,  gold  must  be  found  on  the  ground  in  a 
discovery  shaft  before  the  claim  can  be  validly  held  by  location. 

That  many  of  the  Alaska  locations  are  illegal  may  be  judged  from 
the  fact  that  very  often  three  men  have  staked  from  ten  to  twenty 
160-acre  tracts  of  placer  ground  within  periods  varying  from  twenty- 
Bull.  263—05 17 
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four  to  seventy-two  hours.  On  every  .one  of  these  tracts  under  the 
correct  interpretation  of  the  law,  a  shaft  or  drill  hole  at  least  15  feet 
in  depth  would  have  been  necessary  in  order  to  find  one  color  of  gold. 
Tet  the  same  men  have  immediately  recorded  their  staked  ground  as 
locations,  swearing  that  they  discovered  gold.  Lindley  states  (sec. 
437):  ^'The  Land  Department  has  uniformly  held  that  discovery  is 
essential  in  the  case  of  placers,  going  so  far  at  one  time  as  to  hold  that 
such  discovery  was  essential  in  each  20-acre  tract  within  a  location  of 
160  acres  located  by  an  association  of  persons."  He  further  says: 
'^Discovery  is  just  as  essential  in  case  of  placers  as  it  is  in  lode 
locations." 
The  regulations  of  the  General  Land  (Mce  include  the  following: 

No  lode  clahn  shall  be  located  until  after  the  discovery  of  a  vein  or  lode  (or  in  a 
placer  of  gold)  within  the  limits  of  the  claim,  the  object  of  which  provienon  Is  evi- 
dently to  prevent  the  appropriation  of  presumed  mineral  frround  for  speculative  pur- 
poses to  the  exclusion  of  bona  fide  prospectors  before  sufficient  work  has  been  done 
to  determine  whether  a  vein  or  lode  (of  gold)  really  exists.  <^ 

The  nonobservance  of  the  above  requirement,  and,  in  fact,  the  impos- 
sibility under  the  present  law  of  its  enforcement  is  the  cause  of  the 
ver^  evil  in  Alaska  which  the  law  aims  to  avert.  I  regard  the  pro- 
niiscuous  location  and  illegal  holding  of  land  on  which  gold  has  not 
been  discovered  as  one  of  the  most  serious  detriments  to  Alaskan 
development. 

SUBSEQUENT  ANNUAL  L.ABOR. 

Regarding  subsequent  labor  Lindley  (sec.  624)  makes  the  following 
statement: 

While  a  timely  resumption  of  work  may  prevent  a  relocation,  the  law  contemplates 
that  the  labor  or  improvements,  actual  and  valuable,  to  the  amount  of  $100  in  each 
year,  computed  from  the  Ist  day  of  January  next  succeeding  the  date  of  location, 
should  be  performed  in  good  faith.  There  is  probably  no  single  provision  of  the  law 
which  is  evaded  to  a  greater  extent  than  this  one.  While,  of  course,  there  are  many 
exceptions  the  average  locator  exhausts  his  ingenuity  in  attempting  to  avoid  this  plain 
and  wholesome  requirement.  The  courts  are  disposed  to  deal  with  these  drones  in  the 
^hi  ve  with  much  more  leniency  than  they  deserve.  The  statute  is  too  frequently  applied 
on  sentimental  lines.  Forfeitures,  say  these  tribunals,  are  odious,  and  in  many  cases 
the  reluctance  with  which  they  enforce  the  law  encourages  rather  than  deters  the 
systematic  evasion  of  it. 

The  statute  is  extremely  liberal  as  to  the  time  in  which  the  specified  amount  of 
work  shall  be  j>erformed.  A  location  made  on  January  1,  1897,  may,  in  the  absence 
of  State  laws  or  IocaI  rules  ret^uiring  development  work  to  be  performed  as  an  act  of 
location,  &  be  held  without  a  stroke  of  labor  until  December  31,  1898,  and  in  no  case 


a  Mining  laws  and  regulations,  General  Land  Office,  1903.  p.  27,  §8. 

ft  It  should  be  borne  In  mind  that  the  principal  Westeni  Slates  where  mining  is  conducted  have,  by 
State  legislation,  so  enlarged  ui:>on  the  rather  bare  fabric  of  the  Federal  mining  law  that,  within  the 
boundaries  of  these  States  many  of  the  abuses  which  are  permissible  under  a  liberal  interpretation 
of  the  Federal  law,  have  been  done  away  with.  On  the  other  hand,  the  excellent  restrictions  in 
force  in  the  placer-mining  States  have  no  force  in  Alaska,  and  in  consequence  decisions  rendered 
by  the  courts  must  be  much  more  liberal,  and  are  productive  of  the  evils  (or  the  obviation  of  which 
the  State  statutes  were  lon^  ago  enacted.— C.  W.  P, 
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is  the  period  leas  than  a  full  year.  It  would  eeem  that  a  more  rigid  enforcement  of 
the  rule  would  not  only  command  more  respect  for  the  law,  but  would  in  a  great 
degree  tend  to  promote  the  general  ^object  and  intent  of  the  mining  statutes — the 
development  of  the  mining  resources  of  the  country. 

The  above  quotations  are  made  because  the  opinions  so  closeh'^  bear 
on  the  deplorable  conditions  in  Alaska.  The  climatic  conditions  are 
so  formidable  on  the  31st  of  December  of  each  year  (the  date  of  expi- 
ration of  the  time  in  which  a  miner  may  do  his  annual  assessment 
work)  that  $100  might  be  expended  by  him  in  work  on  the  claim  in 
merely  shoveling  snow.  Naturally,  all  traces  of  the  work  so  done 
would  be  obliterated  in  a  short  time;  yet  it  would  be  actual  and  v^alua- 
ble  work,  for  otherwise  he  could  not  reach  the  ground  beneath.  This 
feature  is  so  well  understood  in  Alaska  that  a  man  who  makes  affidavit 
to  work  done  holds  his  claim  from  year  to  year  unquestioned,  and  it  is 
undoubtedly  true  that  the  bulk  of  the  territory  held  as  placer  ground 
is  not  only  unworked  but  unvisited  by  the  claimants  after  first  loca- 
tion. Should,  however,  an  individual  relocate  or  "jump"  a  given 
claim  so  hold,  the  first  holder  goes  into  court  and  swears  that  he  has 
done  his  annual  representation  work,  thus  maintaining  his  title. 
Should  the  relocator  maintain  that  he  has  searched  the  ground  and 
found  no  traces  of  any  previous  work,  he  still  has  a  weak  case,  and  the 
verdict  is  usually  against  him.  It  is  needle^4s  to  say  that  this  relocator 
has,  in  the  great  majority  of  cases,  the  better  right  to  the  ground. 

I  have  endejivored  to  make  clear  a  few  of  the  reasons  why  the  pro- 
duction of  gold  is  actually  retarded  in  Ahuska,  rather  than  assisted,  by 
the  present  administration  of  the  mining  law. 

BOUNDARIES. 

Of  over  a  thousand  prospectors  in  California,  Oregon,  Nevada,  Colo- 
rado, Idaho,  Montana,  and  Alaska  whom  I  have  known,  talked  with,  and 
been  in  the  field  with,  I  have  never  seen  ten  who  included  a  compass  in 
their  equipment,  to  say  nothing  of  surveying  instruments  more  nearly 
approaching  pn^cision.  These  men,  generally  known  among  them- 
selves as  ''practical  miners,"  are  of  the  class  by  which  mineral  loca- 
tions are  generally  made.  Is  it  fair  to  assume  that  such  men  are  com- 
petent to  make  a  location  which  shall  conform  to  the  mining  regulation? 

His  location  notice  should  give  the  course  and  distance  as  nearly  as  practicable 
from  the  discovery  shaft  on  the  claim  to  some  pennanent  well-known  points  or 
objects,  such,  for  instance,  as  stone  monuments,  blazed  trees,  the  confluence  of 
streams,  point  of  intersection  of  well-known  quiches,  ravines,  or  roads,  prominent 
buttes,  hills,  etc.,  which  may  be  in  the  immciliate  vicinity,  and  which  will  serve  to 
per|)etuate  and  fix  the  locus  of  the  claim  and  render  it  susceptible  of  identification 
from  the  description  thereof  given  in  the  record  of  locations  in  the  district,  and 
should  be  dulv  recorded/* 


aU.  8.  Mining  Laws  and  Rcgulationa—Geneml  Land  Office,  1903,  p.  27,  sec.  9. 
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In  Alaska,  at  least,  the  provisions  called  for  by  the  above  have 
become  practically  a  dead  letter,  as  is  instanced  by  the  case  of  the 
prospectors  who  during  the  season  of  1903  were  allowed  to  locate  a 
group  of  claims  defined  as  being  on  ''Midas  Creek,  a  tributary  of  a 
tributary  of  Koyukuk  River."  Midas  Creek  and  the  supposed  loca- 
tions afterwards  proved  to  be  entirely  mythical. 

The  location  law  requires  that  the  ''location  must  be  distinctly 
marked  on  the  ground,  so  that  its  boundaries  can  be  readily  traced." 
How  can  the  following  decision  of  the  Supreme  Court  of  the  United 
States,  in  the  case  of  the  McKinley  Creek  Mining  Co.  v.  Alaska  United 
Mining  Co.,^  which  sustained  the  validitj'  of  a  placer  location  where  no 
attempt  was  made  to  actuall}'  mark  the  boundaries,  be  reconciled  with 
the  above?     Lindley  says: 

All  that  was  done  was  to  post  noticres  on  a  snag  or  stump  in  a  creek,  claiming  a 
certain  niiml)er  of  feet  running  with  the  creek,  and  300  feet  on  each  side  of  the  cen- 
ter of  the  creek,  and  referring  to  the  claim  as  **the  east  extension  of  a  certain-named 
claim  and  the  wfest  extension  of  another."  Unless  some  facts  or  circumstances 
were  represented  to  the  court  which  can  not  l>e  gleaned  from  the  official  report  of  the 
case,  such  a  location  would  seem  to  fall  short  of  the  requirement  that  the  claim  shall 
be  ** distinctly  marked  on  the  ground,  so  that  its  boundaries  may  be  readily  traced." 

I  have  no  hesitation  in  saying  that  in  Alaska,  especially  in  Seward 
Peninsula,  no  attempt  is  ordinarily  made  by  the  locator  to  mark 
the  boundaries  of  claims  beyond  the  setting  of  stakes  at  the  four  cor- 
ners averaging  3  feet  in  length  by  H  inches  in  diameter.  These  are 
generally  overturned  by  the  wind  or  uprooted  by  the  frost  within  six 
months  of  the  time  of  setting.  .And  yet  the  burden  of  proof  in  case 
of  sul>se(iuent  disj)ute  always  rests  on  the  relocator  or  the  jumper. 

1  will  call  attention  to  the  fact  that  the  suggestions  leading  to  modi- 
fication in  the  present  placer-mining  law  are  directed  to  the  reforming 
of  th(^  j)rincipal  al)uses  which  have  Ixhmi  cited.  Had  time  permitted, 
instances  of  al)use  and  misinterpretation  of  the  present  laws  might 
have  been  indefinitely  multiplied.  Enough  has  been  said  to  show  that 
changes  of  a  radical  nature  are  needed  in  the  laws  and  their  adminis- 
tration, in  order  that  the  undoubtedly  valuable  mineral  resources  of 
Alaska  may  be  exi)loited  to  the  best  advantage. 

Much  fault  has  been  found  in  past  years  with  the  Territorial  admin- 
istration in  the  Klondike.  That  conditions  afi'ecting  title  have  at  times 
left  much  to  be  desired  is  undoubtedly  true.  At  present  efforts  are 
being  made  to  remedy  the  abuses  which  exist.  In  Alaska,  on  the  other 
hand,  each  rich  discovery  of  gold  brings  forth  one  or  more  lawsuits, 
and  each  new  camp  that  is  developed  affords  a  profitable  field  of 
exploitation  for  swarms  of  parasites  who,  too  indolent  or  too  ignoi^ant 
to  devote  themselves  to  ]K)na  fide  mining,  ingeniously  strive,  by  mani- 
fold wavs  of  tiickerv,  to  live  bv  the  labor  of  others. 

uCite«l  by  Lindley,  sec.  373. 
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stream  conditions  on 52 

wood  on,  price  of 215 

Bowlders,  handling  of 141-142, 154 

occurrence  of 141 

plate  showing 68 

Brackett,  F.  H.,  pipe-setting  device  of . . .  130, 182 

Bridge  over  Klondi ke,  view  of 224 

British  Columbia,  Investigation  In 13 

roads  in,  comparison  of  American  roads 

and 16,219 

views  of 220. 224 

Brooks,  Alfred  H.,  letter  of  transmittal  by.       II 

on  Alaska  roads 16,219, 226 

on  legal  abuses 256 

Buck  Creek,  wo<xi  on,  price  of 216 

Buckets,  mining,  platesshowing.  66, 68, 160,168.178 
Buster  Creek ,  freight  and  passenger  rates  to.     240 

stream  conditions  on 53 

C. 

C-alifomia,    comparison   of  conditions  n 

Alaska  and 80.101 

dltchesln 113 

dredging  In  ..." , 157-158 

cost  of.... 167-173 

drifting  in 83-84 

hydraulic  mining  in 99-102 

mnier's  inch  in 50-51 

rainfall  in 47 

sluices  in,  length  6f 144-145 

tailings  in 151 

use  of  water  gate  in  _ 57 

Camp  C<ilonna.  rainfall  at 48 

temperatures  at 49 

Camp  Davidson,  rainfall  at 48 

temjieratures  at 49 

Campbell,  M.  R..  on  gas-producer  engines.  34,214 

(^andle  Creek,  gold  on,  fineness  of 209 

wood  on,  price  (»f 216 

Candle  district.    Sr.c.  Fairhaven  district. 

Cantwell  Creek,  coal  on 213 

Carriers,  self-dumping,  cost  and  use  of 65-67 

Casadepaga  River,  freight  and  passenger 

rates  to 242 

Chain,  relative  value  of  wire  cable  and 76-77 

CUiatham  Creek,  conditions  on 32-:>;i 

freight  and  passenger  rates  to 2;is 

gold  on,  tineness  of 208 

stream  conditions  on 53. 54 

wood  on,  price  of 216 

Cheenik,  freight  and  jwissenger  rates  to.  230-231, 

240 

Chena.  freight  and  passenger  mtea  to 235-236 

Chicken  Creek,  gold  oi\,  fineness  of 208 

stream  conditions  on 54 

woikI  on,  price  of 215 

China  pump,  use  of 56 

use  of,  plate  showing 56 
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Chisna  diMtrict,  gold  on,  finenem  of '2U7 

mining  in,  methtxlK  of 29 

prospecting  in,  co^t<)f 41 

wages  in 211 

wood  on,  price  of 212, 215 

Chistoehina  district,  freight  and  pat«cnger 

ratesto 239 

Chittitu  Creek,  gold  on,  flncnesM  of 207 

wood  on,  price  of 215 

Chum  drill,  plate  showing 40 

Circle,  distances  from 247 

freight   and    pansenger   rates   to   and 

from 233-235,237-238 

Ice  at 49 

prices  at 249-254 

rainfall  at 48 

stream  conditions  at 49 

temperatures  at 49 

Circle  district,  gold  in,  fineness  of 208 

stream  conditions  in 52. 54 

woo<1  on,  price  of 216 

Circular  letter,  ftirm  of 17-25 

sending  of 14-15 

Cleaning  bed  rock,  cost  of 59-60, 78 

Cleary  Creek,  conditions  on 1 32 

ditches  on 105, 109 

freight  and  passenger  rates  to 238 

gold  on,  fineness  of 208 

hot-water  thawing  on 98 

prospecting  in,  cost  of 41-42 

•  road  on,  view  of 226 

stream  conditions  on 53, 54 

wages  on 211 

wood  on.  price  of 216 

Climate,  character  of 30, 4g 

effect  of,  on  mining 29-30 

on  water  supply 43-49 

Coal,  occurrence  of 213-214 

price  of 34, 213-214 

Collier,  A.  J.,  on  Nome  district 87 

on  tin 26 

Colorado,  miner's  inch  in ,51 

Controller  Bay,  coal  at 213 

Cooper  Gulch,  freight  and  pasHcnger  rates 

to 240 

Copper  Center,  rainfall  at 48 

temperatures  at 49 

Copper  River,  gold  on,  fineness  of 207 

wages  in 211 

wood  on,  price  of 216 

Cost  of  living,  investigation  into 15 

Council,  distances  from 247 

dredging  buckets  at,  plate  showing 168 

freight   and    passenger   rates   to  and 

from 240,242 

Council  City  and  Solomon  River  Railway, 

construction  of 228 

Council  district,  ditches  in 106, 110 

duty  of  miner's  inch  in 140 

gold  in.  fineness  of 209 

hydraulic  giants  in 136 

mining  in,  methods  of 29 

shoveling  in,  duty  of  man  in 59 

stream  conditions  in 53,  f>5 

•     wagesin 211 

wood  in,  price  of 216 
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( Cripple  River,  ditches  on 106, 109 

freight  and  passenger  rates  to 241 

(-rooked  Creek,  gold  on.  fineness  of 209 

investigatiim  on 14 

stream  conditions  on 53 

wood  on,  price  of 216 

Crow  Creek,  ditches  on 104, 107 

freight  and  passenger  rates  to 238 

gold  on,  fineness  of 207 

wood  on,  price  of 215 

Crystophenes,    See  Ice,  buried. 

Customs,  United  States,  rates  and  regula- 
tions of 243-245 

I). 

Dagetkaket,  freight  and  passenger  rates  to 

and  from 236-237 

Daisy  Creek,  wood  on,  price  of 216 

Dams,  construction  of 56-58, 124, 128 

cost  of 57. 150 

plate  showing  .* 58,126,148 

Dams,  protective,  construction  of 146, 147 

Dan  Creek,  gold  on,  fineness  of 207 

mining  on.  cost  and  methods  of 37,39 

stream  conditions  tm 54 

wages  on 211 

wood  on,  price  of 216 

Davidson,  J.  W.,  acknowledgments  to 25 

on  ditch  building 128 

Dawfltm,  Y.  T.,  freight  and  passenger  rates 

to  and  from 233-235 

prices  at 249-254 

rainfall  at 4H 

source  of  supply  at 248 

temperatures  at 49 

Dawson  carrier,  description  of 94-95 

figure  showing 94 

Dawson  district.    See  Klondike  district. 

Dead  wood  Creek,  conditions  on «. .       32 

ditches  on 106,109,119 

f rtMght  and  passenger  rates  to 288 

gold  on,  fineness  of 208 

investigation  on H 

stream  conditions  on 52,54 

wages  on 211 

wood-fire  thawing  on 89-90 

wood  on,  price  of 216 

Deering,  freight  and  passenger  rates  to 240 

Derricking,  apparatus  for,  plates  showing. .  66, 70 

plate  showing 64 

use  and  cost  of 66-71 

Dexter  Creek,  ditches  on 106,109 

freight  and  passenger  rates  to 240 

gold  on.  fineness  of 209 

investigation  on 14 

stream  conditions  on 53,64 

wood  on.  price  of 216 

Diijcovcry  Fork,  shoveling  on,  duty  of  man 

in 59 

stream  conditions  on 62 

wood  on,  price  of 216 

Distances,  tables  of 246-247 

Ditches  and  flumes,  construction  of 106-126 

construction   of,  diagrams  and   plates 

showing 116.120,122,126 

cost  of 119,121,128,126-127 
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Pace. 

Ditches  and  flumes,  data  concerning 104-110 

in  Interior  province 104, 117-120 

in  Juneau  district,  map  showing 114 

in  Seward  Peninsula 16,120-127 

in  South  Coast  province 11^-117 

views  of 13,114.124,228 

Domes,  location  and  character  of 31 

Dominion  Creek,  gold  on,  fineness  of 208 

stream  conditions  on 52 

Douglas  Island,  ditches  on 104, 107 

ditches  on,  plate  showing 114 

Drains,  construction  and  cost  of 67-68 

Dredges,  buckets  of,  plates  showing. .  160, 168, 178 

parts  of,  figures  showing 176. 179, 180, 182 

types  of 175-188 

views  of 160,162,168 

Dredges,  electric,  use  of 189 

Dredging,  advantages  of 178, 189-190 

conditions  essential  for 157-158 

cost  of 37-38,159,162-173 

extension  of .*. 176 

loss  of  time  in 168,188 

obstacles  to,  in  Alaska 158-159 

operations  of 160-167,183-186 

prospecting  by 173-176 

view  of,  plates  showing 176, 184 

Drift  mining.    See  Mining,  drift. 

Drifting,  cost  of 40-41 

prospecting  by 41 

prospecting  rig  for,  figure  showing 82 

Drill,  chum,  plate  showing 40 

Drilling,  prospecting  by,  cost  and  resultsof.  39-41, 

173-175 
Dry  Creek,  freight  nnd  paMsengcr  rates  to..      240 

gold  on.  Hneness  of 209 

investigation  on 14 

stream  conditions  on 53 

wootl  on,  price  of 216 

Diiblikaket.  freight  and  passenger  rates  to 

and  from 236-237 

Dnmping,  method  of,  plates  showing 62, 64 

Dumping  Inicket,  plates  showing 40, 68 

Dumps,  philes  showing 40, 192 

sampling  of,  necessity  for 42-43. 83 

methods  of 42-43 

E. 

Eagle,  freight  and  ptisscnger  rates  to 233-235 

ice  at 49 

investigation  at 14 

rainfall  at 43. 48 

stream  conditions  at 49 

temperatures  at 49 

underground  conditions  at 158 

Eagle  Creek,  drift  mining  on 87-88 

freight  and  piu^senger  mtes  to 238 

gold  on,  fineness  of 208 

investigation  on 14 

prices  on 88 

stream  conditions  on 52,54 

W(K)(1  oi),  i»ri('e  of 216 

Eagle  district,  ditches  in 105,109 

flume  in,  view  of 228 

gold  in,  fineness  of 208 

hydraulic  mining  in 117 

map  of 44 
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Eagle  district,  mining  in,  methods  of 28 

pipe  lines  in 119 

stream  conditions  in 62, 51 

wages  in 211 

wood  on,  price  of 215 

East  Fork  Creek,  freight  and  passenger  rates 

to 242 

Eldorado  Creek,  Y.  T.,  ditches  on 105, 108 

investigation  on 14 

steam  shovel  on 80-82 

stream  conditions  on 52,54 

thawing  on,  plate  showing 84 

wood  on,  price  of 215 

Electric  power,  use  of 33-34, 1W 

Elevators,  hydraulic,  cost  of 162, 156 

parts  of,  figures  showing 158 

principle  of 161-152 

types  of 162-136 

use  of 155 

views  of 152, 154 

water  needs  of 154-155 

Elluvial  mining,  definition  of 26 

Elmer,  J.  M.,  drift  sheet  devised  by 163-164 

Eureka  Creek,  stream  conditions  on 52 

Evans,  G.  H.,  on  hydraulic  mining 112 

on  pipelines 183 

F. 

Fairbanks,  derricking  at,  plate  showing ...       64 

distances  from 247 

freight  and  passenger  rates  to  and  from .    233- 

235,237-238 

pricesat 226-227 , 249-254 

source  of  supplies  at 243 

Fairbanks  Creek,  ditches  on 105, 109 

drift  mining  on.  plate  showing 92 

freight  and  passenger  mtes  to 238 

gold  on,  fineness  of 194,208 

hot- water  thawing  on 98 

investigation  on 14 

legal  abuses  on 256 

stream  conditions  on 53-54 

wages  on 211 

wood  on,  price  of 216 

Fairt)anks  district,  ditches  in 105,109,120 

drain  in,  cost  of 58 

drifting  in 96-99 

garnets  in 2a5 

gold  in,  fineness  of 208 

ice  in 89 

investigation  in 14 

map  of  part  of 46 

mining  in.  cost  and  methods  of 28.36 

physical  conditions  in 32-33,96 

prospecting  in,  cost  of 41 

rainfall  in 4^ 

road  in,  plate  showing 220,226 

shafts  in,  cost  of ^ 

shoveling  m,  duty  of  man  in 59 

steam-point  thawing  in 91-92 

Htream  conditions  in 45,53,54 

timbering  in  ^ 

toiK)graphy  in,  view  of 226 

wages  in 67, 211 

wo(k1  in.  price  of 216 

Fairhaveu  district,  coal  in 213 
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HooHier  Creek,  freight  and  passenger  rates 

to 237 

stream  conditions  on ,62 

Hope,  freight  and  passenger  rates  to  and 

from 230-281,239 

Horse  scraping,  cost  and  advantages  of 61 

Hospitals,  feesfor 210 

Hot  Air  Co.,  flnme  of,  plates  showing 124, 126 

Hot  water,  thawing  by 33, 98-94, 97-98 

Hunker  Creek,  Y.  T.,  dam  on 57 

ditches  on 105,108,118-119 

gold  on,  fineness  of 208 

investigation  on 14 

steam-point  thawing  on 89-93 

stream  conditions  on 52 

wood  on,  price  of 215 

Hunter  Creek,  freight  and  passenger  rates 

to 237 

gold  on.  fineness  of 208 

stream  conditions  on 52,54 

Hurrah  Creek,  freight  and  passenger  rates 

to 242 

Hutchins,  J.  P.,  acknowledgments  to 25 

on  dredging 17&-190 

on  reservoirs 128 

on  thawing 137 

Hydraulic  mining.    See  Mining,  hydraulic. 
Hydraulic  pit,  old  timbering  in,  plate  show- 
ing ....". 86 

I. 

Ice,  occurrence  of,  time  of 49 

Ice,  buried,  occurrence  of 119 

Independence  Creek,  wood  on,  price  of 216 

Informntion,  circular  letter  requesting 17-25 

Inmaohuk  River,  Kold  on,  fineness  of 209 

wood  on,  price  of 216 

Interior  province,  districts  in 28-29, 35 

ditches  in 104-105, 107-108 

dredging  in,  cost  of 167 

fuel  In,  cost  of 34 

mining  in,  methmls  and  cost  of 28-29,38 

physical  conditions  in 30-33 

roads  in 219-'226 

topography  of 117 

plate  showing 120 

water  supply  of 36, 43-45 

InvestiKHiion,  itinerary  of 13-14 

meth(Klsof 14-25 

Irene  Gulch,  gold  on,  fineness  of 208 

Itinerary,  map  showing 

remarks  on 13-14 

J. 

Jualpa  Mining  Company,  ditch  of 116 

flume  of,  plate  showing 118 

Juneau,  freight  and  pa.ssenger  rates  to...  230-231 

investigation  at 13 

prices  at 249-254 

rainfall  at 43. 48 

temperatures  at 49 

Juneau  district,  ditches  in 115-116 

duty  of  miner's  inch  in 139 

gold  in,  fineness  of 207 

map  showing 114 
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Juneau  district,  mining  in,  methods  of 28 

■    prospecting  in,  cost  of 41 

roads  in 221 

stream  conditions  in 52. 54 

»    wagesin 211 

wood  on,  price  of 212,215 

K. 

Kaason  Creek,  wood  on,  price  of 216 

Kelley, ,  method  of  sampling  of 42-43 

Kenai,  rainfall  at 48 

stream  conditions  at 

temperatures  at 49 

Kenai  River,  opening  and  closing  of 49 

stream  conditions  on 49 

Kigluaik  Mountains,  location  and  altitude 

of 46 

Kiwalik,  freight  and  passenger  rates  to. .  230-231 
Klondike  district,  dam  in,  plate  showing.  126, 148 

ditches  in 105,108,118 

dredges  and  dredging  in 162-164 

plate  showing 162 

drift  mining  in 84-86 

figure  showing 86 

dumping  in,  plate  showing 62 

dumps  in,  plate  showing 40 

duty  of  miner's  inch  in 139 

froxen  gravel  in,  view  of 136 

gold  in,  fineness  of 207-208 

hydraulic  mining  in 117 

plateshowing 86,132,136 

ice  in 89 

investigation  in 13 

mining  In,  cost  and  methods  of 28, 36 

physical  conditions  in 32, 89 

prices  In 227 

prospecting  in,  cost  of 41 

pumps  in,  plate  showing 56 

roads  In 221 

view  of 224 

sluices  and  sluicing  in 147-148 

plate  showing 136, 192.  IW 

steam  shovel  in 78-82 

plate  showing 74 

steam-point  thawing  in 89, 93 

stream  conditions  in 52, 54 

wages  in 67, 211 

wa.shing  plant  in,  plate  showing 80 

white-channel  deposits  of 38,118 

wood  In,  price  of 215 

Klondi4ce  River,  bridge  over,  view  of 224 

ditches  on 106, 110 

dredging  on 160 

steam  shovel  on 78-80 

stream  conditions  on i, 52 

Koksuktapaga  River.    See  Casadepaga. 

Kotzebue  Sound,  coal  on 213 

Kougarok  district,  mining  in,  character  of.       29 
Koyukuk  district,  freight  and  passenger 

rates  to 234 

roads  in 221 

Koyukuk  River,  coal  on 213 

freiKht  and  passenger  rates  to  and  on..    233- 

234, 236-237 

Kugruk  district,  prospecting  in,  cost  of 42 

wages  in 211 
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Kugrnik  River,  gold  on,  fineness  of 209 

wood  on,  price  of 216 


L. 


Labor,  character  and  raten  of  pay  of 210-211 

Landfleld,  J.T.,  on  gold  dredging 157 

Last  Chance  Creek,  Y.  T.,  freight  and  pas- 
senger rates  to 241 

gold  on,  fineness  of 208 

investigation  on 14 

Law,  status  of 255-260 

Lawson  Creek,  ditch  on,  plate  showing..^.      114 
Lemon  Creek,  ditches  on 104, 107 

gold  on,  fineness  of 207 

Leyat,  E.  D.,  on  sluicing 197 

on  thawing  in  east  Siberia 90 

Lewington,  O.  A.  R., acknowledgments  to.       25 

on  ditch  building 120 

Lignite,  occurrence  of 213 

Lillian  Creek,  freight  and  passi^ngcr  rates 

to 240 

Lindbloom  Creek,  freight  and  passenger 

rates  to 241 

Lindgren,  W.,  on  California  rainfall 47 

Undley.  C.  H.,  on  mining  law 257-258,260 

Llsbume,  Cape,  coal  near 213 

Little  Minook  Creek,  freight  and  passenger 

ratesto 237 

gold  on,  flnenosM  of 208 

stream  conditions  on 62, 54 

Little  Minook,  jr.,  Creek,  gold  on,  fineness 

of.... 208 

Living,  cost  of,  investigation  into 15 

Location,  laws  of 255-200 

Long  torn,  character  and  use  of 55-66 

Lumber,  character  of 212 

prices  of ^  41-42, 88, 212-216 

Lynx  Creek,  freight  and  passenger  rates  to.      239 


M. 


McCoon  Creek,  wood  on,  price  of 215 

McKee  Creek,  B.  C,  ditches  on 104,107,118 

gold  on,  fineness  of 207 

hydraulic  giants  on 186 

investigation  on 18 

pipe  line  on 132 

view  of 132 

prospecting  on,  cost  of 41 

sluicing  on 148-144 

stream  conditions  on 52, 54 

tailings  on 151 

wo(k1  on,  price  of 2J5 

McKinley  Creek,  gold  on,  fineness  of 207 

wood  on,  price  of 216 

McKinley    Creek    Mining   Co.    v.   Aliuska 

United  Mining  (Jo.,  reference  to.  260 

Maluin,  H.,  on  protective  dams 146 

Mammoth  Creek,  gold  on,  fineness  of 208 

investigation  on , 14 

prospecting  on,  cost  of 41 

stream  conditions  on 52, 54 

wood  on,  price  of 216 

Map  of  A  laska,  showing  itinerary 14 

Martin  Creek,  freightand  passenger  rates  to.  241 
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Mary's  Igloo,  distances  from 247 

Mastodon  Creek,  ditches  on 105, 109 

drain  on,  cost  of 58 

gold  on,  fineness  of 206 

investigation  on 14 

prospecting  on,  cost  of 41 

self-dumping  carriers  on 66 

stream  conditions  on 62, 64 

tailings  on 161 

topography  on,  plate  showing 120 

wood  on,  price  of 216 

Mastodon  Fork,  gold  on,  fineness  of 288 

stream  conditions  on 52 

Matanuska  biisin,  coal  in 213 

Matteson,  E.  E.,  invention  of  hydraulic 

mining  by 99 

Meking  Creek,  stream  conditions  on 68, 66 

wood  on,  price  of 216 

Melting  amalgam,  method  of 205-207 

Mercury,  use  of 204 

Miller  Creek,  A  laska,  ditches  on 104, 107 

gold  on,  fineness  of 208 

wood  on,  price  of 216 

Miller  Creek,  Y.  T.,  ditches  on 106, 108 

Miller  Gulch,  gold  on,  fineness  of 207 

Mills  Creek,  freight  and  passenger  rates  to.      239 

Miner,  typical,  plate  showing 68 

Miner's  Inch,  definition  of 34-35, 49-51 

duty  of 138-141 

Mining,  classes  of,  definitions  of 25-26, 34-39 

cost  of.  Investigation  of 16 

Mining,  alluvial,  definition  of 26 

Mining,  dredge.    See  Dredging. 
Mining,  drift,  adit  for,  plate  and  figure  show- 
ing         84 

oostof 38,82-85 

definition  of 26 

methodsof 82-99 

plate  showing 92 

rig  for,  figure  showing 82 

sampling  in 83 

system  of,  figure  showing 83 

Mining,  ellu vial,  definition  of 26 

Mining,  gravel,  definition  of 26-26 

Mining,  hydraulic,  cost  of 33, 88. 101-102 

definition  of , 26 

essentials  for 100-101 

invention  of 99 

methods  of 99-156 

plates  and  figures  showing': 92, 

132,136.137.152.154 

use  of 33, 100, 102 

water  for 99 

Mining,  open-cut,  cost  of 38, 56 

economy  of 56 

methodsof 55-82 

steam  point  in,  use  of,  plate  showing . .       86 

view  of 154 

Mining,  placer,  definition  of 25-26 

methods  of 29-34 

conclusions  concerning 30 

Mining  law,  abuses  of 256-260 

extension  of,  to  Al^ka 257 

requirements  of 257-260 

Mining  supplies,  prices  of 249-264 
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Sawmills,  location  of 212-213 

Seattle  Creek,  freight  and  passenger  rates  to.      240 

stream  conditions  on 53 

Seattle  Point,  freight  and  passenger  rates  to 

and  from 230-237 

Settling  pond,  view  of 128 

Seward,  freight  and  passienger  rates  to. . .  230-231 
Seward    Peninsula,   derricking    in,   plate 

showing 70 

distances  in,  table  of 247 

districts  in 29,36 

ditches  and  ditch  building  in 15. 

33, 46-47, 105-106, 109-110. 119-127 

plates  showing 120 

dredging  in 160,164,167 

driftingin 87-88 

gold  in,  fineness  of 194 

horse  scraping  in,  cost  of 60 

machinery  in,  use  of 121 

magnetite  in 2(fc 

map  of  part  of 47 

mining  in,"  methods  and  cost  of . .  29, 33, 36-38 

moss  in 88-89 

physical  conditions  in 3:^-34, 88-89 

roads  in 219-221 

settling  pond  in,  view  of 128 

si  uicing  in 149-150 

wages  in 82 

water  suppl  y  In 34-35, 45, 47 

wood  on 212 

Shafts,  prospecting,  cost  of 39-42 

Shovel  Creek,  freight  and  passenger  rates  to.      242 

stream  conditions  on 53, 55 

Shoveling  In,  advantages  of 59-60 

CfWtof 37-38, 56, 59-tiO,  190 

duty  of  a  man  in 59 

Silver  Bow  basin,  ditches  U\ 104, 107, 115 

flume  in,  view  of 118 

hydraulicking  in,  plate  showing 92 

Investigation  in 13 

pressure  box  in,  plate  sliowing 1  n> 

sluicing  in 143 

Sixmile  Creek,  gold  on.  fineness  of 207 

Skagway,  freight  and  jwissenger  rates  to  .  230-231 

rainfall  at 4,s 

temperatures  at 49 

Slate  ('reek,  freight  and  pa^enger  rate-i  to.      237 

gold  on,  fineness  of 2(17 

stream  conditions  on 52 

W(M>d  on.  price  of 2ir» 

Sleflge  Creek .  freight  and  ptussenger  rates  tf» .      211 

Hluice,  beil-ro(;k.  view  of 13(),  148 

Sluice-box  gmde,  definition  of 54 

Sluice  boxes,  cost  of 11)7 

character  and  use  of 56-57 

defects  of 19'.t-194 

dumping  into,  plate  showing r»2 

figures  and  plate  showing  . . .  143. 153. 196. 198. 

194 

grade  of 195 

making  of.  tools  for,  figure  showing  ...       116 

set-up  of.  plate  showing 56 

types  of 195-199 

use  (»f,  (•r)st  of 56, 190 

Sluicing,  eostof 39,56.57,137,142.144.118 

efficiency  of 141. 144-145 
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Sluicing,  methods  of 112-152 

Smith,  Hamilton,  on  miner's  inch 50 

pipe-line  experiments  by 134 

Snake  River,  drilling  on,  plate  showing  ...       40 

stream  conditions  on 58 

Societ6  Mini^re,  plant  of 14«-147 

Sod,  use  of 124,128 

Solomon,  distances  from 247 

f reigb t and  passenger ratestoandfrom.    230- 

231,240.242 

Solomon  district,  ditches  in 106, 110 

duty  of  miner's  inch  in 140 

gold  in,  fineness  of 209 

mining  In,  methods  of T 29 

stream  conditions  fn 63, 56 

wages  in 211 

wood  in,  price  of 216 

Solomon  Hill,  drifting  on,  figure  showing. .       85 

Solomon  River,  dredging  on 164, 166 

gold  on,  fineness  of 209 

gravel  on,  tenor  of 165 

investigation  on 14 

shoveling  on,  duty  of  man  in 59 

stream  conditions  on 53.55 

water  supply  of 46 

South  Coast  province,  coal  in 218 

districts  In 28-29,35 

ditches  In 104,107-108,113-117 

dredging  in 160 

gold  of,  character  of 143 

mining  in,  methods  and  cost  of 28-29, 38 

physical  conditions  in 30 

roads  in 219-222 

topography  of,  plate  showing 114 

water  supply  of 43 

wocKi  in 214 

Spruce  Creek.  B.  C.  ditches  on 104, 107 

gold  on,  fineness  of 207 

investigation  on 13 

prospecting  in,  cost  of 41 

stream  conditions  on 52 

wood  on,  price  of 215 

Steam,  use  of 33. 37 

Steam  point,  details  of,  figures  showing 90 

use  of,  in  thawing 89-93, 9<J.  159, 189 

plate  and  figure  showing 90, 86 

Steam  scraper,  advantages  of 63-65 

figiires  showing 61, 62, 65 

u*ie  of 63-65 

plate  showing 62 

Steam  shovel ,  advantages  of 73 

cost  of 77-78 

operations  of,  description  of 7:}-*2 

figures  showing 74,75,76 

plates  showing 74 

Stewart  River.  Y.  T.,  dredging  on 160 

Sttmehouse  Fork,  gold  on,  fineness  of 208 

Streams,  freezing  and  oiK»ning  of,  time  of..       49 

grades  of 53-55 

volumes  of 49-53 

Sulphur  Creek.  Y.  T..  fine  gold  on 201,  *208 

investigation  on 14 

stream  conditions  on 52 

wood  on,  price  of 215 

Sunrise,  freight  and  pa&senger  rates  to  and 

frt)m 230-231,239 
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Sunrise  district,  ditches  Id 104,107 

gold  In,  flnenew  of 207 

mining  in,  methods  of 29 

prospecting  in,  cost  of 41 

WHges  in 211 

wood  on,  price  of 212, 215 

Sunset  Creelc,  ditches  on 10t>,  110 

gold  on,  fineness  of 209 

T. 

Tables,  gold-saving,  view  of Hi2 

Tailings,  disposal  of 160-151 ,  183-186 

dlMposal  of,  figures  showing 1»3. 185, 187 

Tanana,  freight  and  passi>nger  rates  to  . .  23.'>-236 

ice  at 49 

Tanana  district,  gold  in,  (character  of 194 

hydraulic  mining  in 117 

roads  in 221 

w<K>d  on,  prlcttof 212 

Tanana  River,  freight  aii<l  iHusscngfr  rates 

to  and  on 234, 235-2:«> 

gold  fields  on,  information  roncorning.        14 

Telegraph  charges,  rates  of 244-245 

Teller,  distances  from 247 

freight    and    passenger   rates   to   und 

f  nun 2:iO-231 ,  240 

Temperature,  reconis  of 49 

Thanksgiving  Cre(>k,  freight  and  passi'iigtT 

rates  to 237 

gold  on,  tlneuess  oi 2lte 

stream  conditions  on 53 

Thawing,  cost  of 41-42, 1S9 

methods  of :«,40,H9. 137 

necessity  for 40, 88 

plate  showing 84 

Thibiuideiiu,  W..  information  from 222 

TimlM'r  supplies,  invi'stigation  of 15 

Timbering,  cost  of 41-12, 8s,212-21C 

methtsl  of.  figure  showing M 

remains  of,  plnte  showing •       «6 

Tin,  occurren<'e  of; 2<) 

Tolmadiof,  I.  1*.,  on  buried  ice 119 

Tolovana,  freight  and  piL«scnger  nitcs  to.  2:'>5-2:v» 

Topkok  district,  mining  in,  nieth(Mi>.  of 'M 

Topography,  inllurncc  on  mining  of 31 

mention  <»f \i\ 

views  sliowing 114, 118, 120, 22(; 

Track  and  incline  nysteni,  advantages  of ..        72 

figure  showing 71 

use  of 71-72 

Tramming  system,  cost  of 37, 73 

description  of 75-76 

view  of 154 

TransiM)rtation,  cost  of,  investigation  of ...        16 

Trommel,  use  of .' 195 

use  of,  plate  showing 162 

Twin  Creek,  conditions  on 32 

gold  on,  fineness  of 208 

Twin  Mountain  Creek,  freight  and  {mssen- 

ger  rates  to ; 241 

Tyrrell,  J.  B.,  on  buried  ice 119 

U. 

Undercurrent,  figures  showing 191, 19t> 

use  of,  in  sluicing liM>-197 


Pago, 
rpper  Dominion  Creek,  Y.  T.,  investiga- 
tion (m  14 

steam-point  thawing  on 89 

W(sm1  on,  price  of 215 

V. 

Valdez,  freight  ami  iiassenger  rates  to  ...  230-231 
Van  Waagenen,  T.  F..  on  hydraulic  mining.      Ill 

W. 

Wade  Creek,  dIUhes on 105, 109 

gold  on,  finenchw  of 206 

stream  conditions  on 64 

W(Ksl  on,  price  of 216 

Wages,  investigation  into 15 

rates  of :«,  82->«,  210-211 

Walker  Fork,  gold  on,  fineness  of 208 

steam  scrapi-r  on,  use  of 61-62 

use  of,  plate  showing 62 

stream  conditions  on 64 

wood  on,  price  of 215 

Warm  Creek,  investigation  on 14 

stream  cimditionM  on 58 

Washing  plant,  nci-essity  for 37, 73. 193 

plate  showing 80 

Washington  Creek,  freight  and  passenger 

rares  to 240 

Water,  underground,  difliculty  from 40 

Water  gate.  a»*e  and  cost  of .• 38, 57 

Water  supply,  data  concerning 43-65 

investigation  into 15 

West,  William.  acknowle<1gments  to 25 

West  Creek,  freight  and  passenger  rates  to.      242 
Whitney.  J.  1).  on  hydraulic  mining..  99-100,102 

Wild  (;m)«e  Railway,  constniction  of 227-228 

Willow  Creek.  B.  C,  freight  and  passenger 

rates  to 241,242 

gold  on,  finen("<s  of 207 

investigation  on 13 

Windfall  Creek.  0 itches  on 104, 107 

gold  on,  linene>'<  of 207 

w<s>d  on.  prli'c  of 215 

Wire  cables,  rehitive  value  of  chains  and  ..  76-77 

Wolf  ('reek,  stream  conditions  on 53 

Wissi,  prices  of 34, 212-216 

Wfssl  fires,  thawing  by 89-90 

Woo<ichopiK.T  Creek,  gold  on.  fincn^'ss  of. . .      208 

w«km1  on,  price  of 216 

Wmngell,  freight  and  pa>.«cn»,'«T  rates  to.  230-231 

Y. 

Yakutat,  freight  and  passenger  rates  to..  23(»-231 

York,  freight  and  pa.ssenger  nites  to 240 

York  Mountains,  hs-ation  of .• 46 

water  of 46 

Young.  II.  W.,  on  gold-wiving  devices 195,203 

Yukon  River,  (oalat 213 

freight  and  passenger  mtes  to 234 

oi>ening  and  closing  of 49 

stream  conditions  on 49 

Yukon  Territory,  Canada,  investigation  in.  13-14 

miner's  inch  in 51 

roads  in 222-226 

views  of 224 
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